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Introduction 
Christopher Woodhouse and Alex Kirkham 


The literature in radiology and urology is 
predominantly orientated to diagnosis and 
disease management. Although compli- 
cations and outcomes are included under 
‘management’, the clinician is often left in 
the dark about anatomical and physiological 
changes that follow successful treatment. 
This is particularly true where there has been 
conservative or reconstructive surgery. We 
are faced with patients who have a new set of 
symptoms, images that look different from 
those seen before treatment and physiology 
that requires definition of new normal values. 

Clinicians are therefore left wondering 
what is a complication and what an inevitable 
consequence of the management? What, for 
example, is the normal appearance of a 
kidney cancer after radiofrequency ablation 
(RFA) and what does a local recurrence look 
like? How does the urine flow down the 
ureters after a trans-uretero-ureterostomy? 
What is the new normal appearance of the 
urinary tract after a cystoplasty? 

When we asked our colleagues to con- 
tribute chapters, their reactions were 
consistent. After the usual complaints of 
being too busy and so on, there was recog- 
nition that the subjects were very intriguing 
and had not been tackled before. Their 
instructions emphasised that we were not 
interested in why any particular treatment 
was carried out, or what the figures for 
outcome were. We needed the ‘new normal’ 
and the differences between that and com- 
plications. In some conditions the principal 


changes were radiological, but biochem- 
ical and histological findings also change 
after some reconstructions. With long-term 
survival after many reconstructive proce- 
dures there are some changes that are the 
consequence of ageing or the initiation of a 
malignant change. On the basis of the known 
changes, what should be the follow-up? This 
last was often the most difficult because it was 
rare to find any evidence-based follow-up 
protocols! 

Once our contributors had settled down to 
their work, all admitted to finding it interest- 
ing but challenging. One or two, sadly, felt 
that the whole task was beyond them. Once 
completed, however, they universally felt that 
it had been worthwhile and we, the editors, 
feel that those who did accept the challenge 
have triumphed and produced excellent texts 
and illustrations. 

It could be asked why these issues have 
been so little considered in the literature. 
Anatomical reconstruction could not begin 
until it became possible to operate for 
longer than the few minutes that were 
needed to chop off a leg or some other 
damaged appendage, and, even more impor- 
tantly, to have an aseptic field. The first 
urological reconstruction of this era was 
the uretero-sigmoidostomy (U-sig). Simon 
described this operation in 1852 in a paper 
in The Lancet. If one reads beyond the title it 
is found that it was a report of an operation 
that was successful but the patient died. 
Despite this unhappy beginning, the U-sig 
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remained the standard urinary diversion 
until the ileal conduit was developed in 1948. 
It had many complications and patients 
were not always continent, but it usually 
lasted for 10 years before death occurred 
from something which, at the time, might 
have appeared unrelated to the original 
operation. 

In the 100 years during which the U-sig 
was the predominant lower urinary tract 
reconstruction, there were plenty of ideas for 
alternatives. Leon Krynski (1896), a Polish 
surgeon, described a non-refluxing method 
of implantation of the ureters into the colon 
virtually identical to the Politano—Leadbetter 
procedure. In a textbook published in Leipzig 
in 1909, Verhoogen and Graeuwe, surgeons 
from Brussels, reviewed the possibilities of 
continent diversions. They quoted Pawlik 
(1889) who created a new bladder by divert- 
ing the urine into the vagina; continence was 
achieved by tightening of the introitus and 
the patient was continent and could void. 
Verhoogen had made a reservoir from the 
caecum and drained to skin by the appendix. 
The accompanying diagram (Figure 1.1) 
showed a system very similar to that used 
today. The results were not recorded. 

Clean intermittent catheterisation (CIC) 
was described by Lapides et al. in 1972. It 
is interesting to note that none of the early 
reports of bladder reconstructions described 
how the reservoir was to be emptied. There 
are anecdotal reports of men keeping 
catheters in their hat bands, which could 
be described as dirty self-catheterisation! 

In this phase of anatomical reconstruction, 
Anderson and Hynes (1949) described their 
procedure for anastomosing the retro-caval 
ureter to the renal pelvis. This was not then 
carried out to treat pelvi-ureteric obstruc- 
tion although it is now. Trendelenberg (1906) 
designed a bladder reconstruction for exstro- 
phy which allowed the paediatric patient to 
void, albeit only for a short time before the 
wound broke open. Dennis-Brown (1936) 
described his ‘buried skin strip’ operation 
for hypospadias which has some similarity to 
the current Snodgrass procedure. It should 


Figure |.1 Diagram taken from Folio Urologica edited 
by James Israel, Leipzig, 1909, pp. 629-679. It shows 
the construction of a urinary reservoir from caecum 
and drained by the appendix, attributed to 
Verhoogan. With thanks to Professor Elmar Gerharz 
who first drew our attention to this fascinating book. 


be noted that at least 51 ‘new’ operations for 
hypospadias were described in the twentieth 
century. Sadove et al. (1993) used a vascu- 
larised graft of fibula and overlying soft tissue 
to replace the small or absent penis. 

Despite all of these ideas and clinical 
experiments, it is really only since the 1980s 
that reconstructive urology has become a 
major subspecialty and produced the large 
numbers of long-term survivors from single 
institutions that are needed for study. 

The other criterion for inclusion in this 
book is ‘conservative surgery’. Conserva- 
tion as a surgical concept generally implies 
greater difficulty with preservation of blood 
and nerve supply. At least until the 1960s, 
cancer was generally treated by radical 
surgery or radiotherapy, partly because it 
was known that malignant cells could be 
found outside the visible mass and partly 


because there was no other treatment. Later 
it was recognised that less radical surgery, 
sometimes augmented by radiotherapy 
(or, later, chemotherapy), could achieve the 
same result with less morbidity. Now, con- 
servative surgery is often supplemented by 
reconstruction and performed with minimal 
access technology. 

There are the same issues with follow-up as 
there are with reconstructive surgery: what 
does the conserved organ look like; how does 
it work; what is a complication and what does 
a malignant recurrence look like? 


Introduction 


The book has a section for each of the 
organs of the genitourinary tract and the 
chapters are based on the major diseases and 
operations that are used. There are copious 
illustrations, a feature strongly encouraged 
by the excellent staff at Wiley Blackwell. 
We are very aware of the difficulties that 
the contributors have had and the time that 
they have devoted to their work. We are most 
grateful to them all and especially for the new 
light that they have shone on the outcomes 
of urological surgery beyond the standard 
survival and complication rates. 
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Subtotal Nephrectomy and Tumour Ablation 
David Nicol, Alison Elstob, Christopher Anderson and Graham Munneke 


Introduction 


With the use of cross-sectional imaging, 
small renal tumours have been increas- 
ingly diagnosed over the past 20 years 
[1]. During this period, management has 
become more conservative with a progres- 
sive decline in the utilisation of radical 
nephrectomy. Nephron-sparing approaches 
have been widely adopted with the objectives 
of preserving renal function and reducing 
long-term morbidity. Partial nephrectomy 
with excision or enucleation of the tumour 
appears to have equivalent oncological 
outcomes to more radical surgery. The avail- 
ability of robotically assisted surgery allows 
a minimally invasive procedure for partial 
nephrectomy that many now suggest is the 
surgical procedure of choice when feasible. 
Ablative therapies such as radiofrequency 
ablation (RFA) and cryoablation (CA) are 
alternatives to partial and radical nephrec- 
tomy, particularly for patients who are not 
suitable surgical candidates. Small renal 
masses in the short to intermediate term 
frequently exhibit slow growth and minimal 
metastatic risk and consequently surveillance 
is now adopted in patients who are elderly or 
have significant co-morbidities. 
Postoperative and follow-up imaging after 
radical nephrectomy for small renal tumours 
is essentially to detect early postoperative 
complications and the relatively rare events 
of local recurrence and metastatic disease. 


The increasingly utilised nephron-sparing 
approaches have introduced challenges asso- 
ciated with the repeated imaging that is 
required for these various options. These 
include investigations of the tumour-bearing 
kidney for a range of specific complica- 
tions of the various strategies as well as 
the possibility of incomplete eradication, 
tumour recurrence within the remaining 
parenchyma as well as disease progression. 
Anatomical distortion of the kidney and 
evolving changes to masses subjected to abla- 
tive treatment or undergoing surveillance 
management represent specific challenges 
for the nephron-sparing approaches. 


Procedures 


Partial Nephrectomy 


Surgical excision of small renal tumours 
is undertaken as either an open operation 
or, increasingly, with a robotically assisted 
or laparoscopic approach. Tumours can be 
enucleated or excised with a margin of sur- 
rounding renal parenchyma. Components 
of the operation include mobilisation of the 
kidney and identification of the renal mass, 
isolation of the renal artery, with tempo- 
rary occlusion/clamping if required, tumour 
excision and renal repair. The last may, in 
some cases, require closure of the collecting 
system in addition to oversewing of the 
incised parenchyma including divided blood 
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vessels required for haemostasis. A ureteric 
stent can be inserted as a preliminary or 
during surgery if collecting system repair is 
required. 

Follow-up imaging is required to assess 
and guide management of early postopera- 
tive complications, most often haemorrhage 
or urinary leakage. Longer term imaging 
is also required as routine to detect local 
recurrence either at the site of resection or 
within the remaining parenchyma. 


Early Imaging 

This is principally indicated for assessment 
of clinically recognised or suspected com- 
plications of the surgical procedure and 
to direct their management. Haemorrhage 
and urinary leakage comprise the principal 
surgical complications that require imaging. 


Haemorrhage Bleeding can arise in the initial 
postoperative period, usually reflecting an 
unsecured artery, or days to weeks later as 
a result of rupture of a pseudo-aneurysm 
of an intrarenal artery. The events alerting 
the clinician are signs of blood loss or falling 
haematocrit as well as flank pain or mass 
and at times, heavy haematuria. Subtle unex- 
plained drops in haematocrit, which may 
precede signs of significant bleeding, can 
also prompt radiological investigation. The 
principal investigations used are comput- 
erised tomographic angiography (CTA) and 
invasive angiography [2]. 


CTA -may be required initially to determine 
the source of blood loss. Intravenous contrast 
should be employed as this will assist local- 
isation of bleeding. Recommended imaging 
entails an initial arterial phase after bolus 
contrast injection with a subsequent portal 
venous phase approximately 1 minute later 
[3]. Visualisation of active bleeding based on 
contrast extravasation is an indication for 
urgent embolisation (Figure 1.1). Whether 
CTA is a necessary preliminary to standard 
angiography, required for embolisation, is 
debatable. In the context of bleeding follow- 
ing partial nephrectomy from the kidney, 
CTA may be a redundant investigation 
increasing contrast media exposure as 
angiography and embolisation is highly likely 
to be required. When CTA fails to detect 
an active source, angiography may also be 
deemed necessary based on clinical concern 
and heightened suspicion. In practice it is 
often used as a rapidly accessible investiga- 
tion and to confirm whether bleeding is from 
the kidney itself, from non-renal vessels such 
as lumbar or intercostal or reflects damage to 
other organs such as the spleen or liver which 
may not be evident on selective angiography. 

In cases where there are significant con- 
cerns regarding contrast and specifically 
renal dysfunction, ultrasound (US) and 
magnetic resonance angiography (MRA) 
are alternative options. Of these, MRA, if 
available, is the best alternative to CTA in 
providing detail of the intrarenal circulation 


Figure 1.1 Haemorrhage 7 days following left partial nephrectomy with large perinephric haematoma and 
contrast extravasation on computerised tomography (CT) (a). On subsequent angiography, no sign of active 
bleeding persisted but a contained lower pole aneurysm was demonstrated (arrow, b) which was successfully 
treated with gel embolisation (c). 


as well as assessment of non-renal bleeding 
sources. US can exclude other bleeding 
sites, such as the liver or spleen, but apart 
from this and the presence of a perinephric 
haematoma provides little additional infor- 
mation. Therefore its use may be of little 
value if there is clinical evidence of bleeding. 


Angiography is used both diagnostically and 
for selective embolisation as the preferred 
management of the bleeding source [4]. 
To minimise contrast exposure, this is 
performed selectively with initial study of 
the renal artery to localise the source of 
bleeding. This may demonstrate an obvious 
pseudo-aneurysm or outline extravasation 
of contrast from an involved vessel. Manip- 
ulation of the angiographic catheter into 
the involved vessel is then undertaken, with 
coils being deployed to occlude the lumen 
and control bleeding. Multiple coils may be 
required to achieve occlusion and on occa- 
sions repeat procedures are required — as 
intrarenal vasospasm may masquerade as 
adequate control with subsequent further 
bleeding. Whilst super selective embolisation 
is preferred, this may not prove feasible or 
successful. In this circumstance, larger ves- 
sels may need to be occluded resulting in loss 
of some of the remaining renal parenchyma. 


Urinary Leakage Urinary leakage arises from 
either the collecting system or the ureter or 
renal pelvis if these were damaged at the time 
of the procedure [5]. These problems present 
as urine leakage from a drain, renal dysfunc- 
tion or flank mass/pain in the absence of 
bleeding. US may demonstrate a fluid col- 
lection around the kidney prompting formal 
assessment with a CT urogram (Figure 1.2). 
This will confirm the presence of urinoma 
and outline the site and nature of leakage 
with extravasation of contrast from the col- 
lecting system or ureter. Hydronephrosis 
may also be seen on US and CT —- which 
may relate to distal obstruction resulting 
from luminal clot, ureteric compression by 
the urinoma or a consequence of ureteric 
injury. 
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Figure 1.2 A large urinoma presenting 4 months 
after a partial nephrectomy. The arrows in (a) show 
the tumour. A ureteric stent was placed at time of 
surgery in view of the major collecting system repair. 
The stent had been removed electively 4 weeks prior 
to representation with left flank discomfort; the 
urinoma is shown by the arrows 

in (b). 


Late Imaging 

Tumour recurrence is the principal goal of 
longer term imaging. Currently, there are 
no standardised guidelines regarding the 
preferred imaging modality or the frequency 
with which it should be performed. US, CT 
and magnetic resonance imaging (MRI) are 
all used. Anatomical and functional changes 
can also be seen in the course of planned 
follow-up imaging. 


Anatomical Changes Distortion of the renal 
parenchyma may complicate the interpreta- 
tion of studies. Imaging is thus recommended 
3-6 months following surgery to redefine 
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the anatomical appearances of the kidney 
as a baseline for longer term follow-up. A 
resection defect will usually be apparent, 
reflecting the excised segment of kid- 
ney — often more complex if the initial 
tumour was central or hilar. 

Techniques used to secure haemostasis 
and close the excision defect can also con- 
found the interpretation of imaging [6]. 
These include portions of revascularised 
perinephric fat (Figure 1.3) and haemostatic 
agents (e.g. oxidised cellulose; Figure 1.4) 
[7]. Inflammatory reactions including for- 
eign body granulomas reported with the 
latter may result in pseudo-tumour for- 
mation resulting in a diagnostic dilemma 
[8]. With surveillance, these remain stable 
or gradually involute although complete 
regression may not occur. Similar reactions 
have been reported with other bioma- 
terials used to secure haemostasis [8]. 
Perinephric haematomas or urine collection 
at the site of resection can also result in 
abscess formation (Figures 1.5 and 1.6) and 


can develop weeks to months following 
surgery [7]. 

Haematomas and small urinomas at the 
site of resection can also create effects that 
may masquerade as recurrent disease. These 
may appear complex with solid and cystic 
elements as a consequence of inflammation 
and clot organisation. These may be evident 
on imaging at 3-6 months but resolve 
gradually over time (Figure 1.7). 


Functional Changes The following types of 
late complications can be observed as a 
consequence of surgery: 


e Vascular Renal artery pseudo-aneurysm 
may present asymptomatically as an inci- 
dental finding as a complex vascularised 
mass (Figure 1.8). Systematic radiological 
evaluation suggests that these occur in up 
to 20% of cases during the early postop- 
erative period after partial nephrectomy 
[2]. They usually resolve spontaneously 
but may leave a persistent residual mass 
which may be difficult to distinguish from 
recurrent disease [9]. 


Figure 1.3 Magnetic 
resonance imaging (MRI) 
of a patient who 
underwent left partial 
nephrectomy with 
placement of perinephric 
fat into the defect 
(arrow) at 3 months on 
(a) T1 and (b) T2 axial 
images. (c,d) T1 and T2 
images at 15 months. No 
changes were observed 
over this time. 


Figure 1.4 Contrast- 
enhanced CT: (a) 3 
months after partial 
nephrectomy 
demonstrating a lesion 
with a hypodense 
non-enhancing outer 
portion where oxidised 
cellulose had been 
placed and an inner 
isodense enhancing area 
representing granuloma 
formation; (b) T2 MRI 
showing hypointense 
outer and hyperintense 
inner; and (c) contrast- 
enhanced MRI showing 
enhancement only in the 
inner portion. 


Figure 1.5 (a) Axial and 
(b) coronal CT images 
demonstrated a rim 
enhancing collection 
(arrow) containing 
locules of gas at the site 
of recent partial 
nephrectomy. (c) The 
abscess was managed 
with CT-guided drainage. 
(d) The drain was 
subsequently up-sized 
under fluoroscopic 
guidance to ensure 
complete drainage. 


e Ischaemia Ischaemic injury can occur to 
the kidney reflecting parenchymal effects 
of prolonged renal artery clamping. Renal 
ischaemia can also evolve from the effects 
of renal artery manipulation. Thrombosis 
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of the renal artery may occur in the postop- 
erative period with complete infarction of 
the kidney which subsequently undergoes 
global atrophy. Renal artery stenosis 
can also occur although this may be 
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Figure 1.6 Following a two-site left partial nephrectomy: (a) sagittal CT imaging demonstrated two discrete 
enhancing collections (superior b, inferior c) consistent with infected urinomas. (d,e) Interval CT imaging at 
9 months following percutaneous drainage and decompression with retrograde stenting showed resolution. 


difficult to distinguish from the effects of 
intraoperative ischaemia. Severe hyper- 
tension prompts angiographic assessment 
and consideration of renal vein renin 
sampling. 

e Obstruction Ureteric stenosis can result 
in proximal ureteric and collecting system 
dilatation, reflecting direct ureteric injury 
or ischaemia as a result of cautery or other 
trauma to its blood supply if aggressively 
mobilised or retracted during the surgical 
event (Figure 1.9). Intrarenal obstruction 
to one or more calyces may also arise 
insidiously, reflecting infundibular dam- 
age related to ischaemia or an effect of 
collecting system repair or closure of the 
parenchymal defect. 


Recurrent Tumour Tumour recurrence occurs 
in a small proportion of cases following 
partial nephrectomy [10]. This may occur 
at the margins of the resection and reflects 
either incomplete excision or a separate 
satellite lesion that has progressed. Further 


tumours may also occur remotely within the 
remaining parenchyma, with patients with 
hereditary disorders at highest risk. From 
the imaging point of view they have the same 
characteristics as the original tumour. 


Image-guided ablation with use of thermal 
energy is now frequently used as an alter- 
native to surgical excision of small renal 
tumours. The currently employed modal- 
ities are RFA and CA [11]. RFA results 
in coagulation of tissue as radiofrequency 
waves delivered continuously via a probe 
are converted to heat producing thermal 
tissue damage. In contrast, CA involves rapid 
freeze-thaw cycles delivered through probes 
inserted into the tumour producing ice for- 
mation and disrupting cellular membranes 
resulting in tissue necrosis and injury to local 
microvasculature. The volume of treatment 
has to be slightly larger than the tumour area 
to ensure adequate ablation. 
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Figure 1.7 (a) Right lower pole tumour at presentation. (b) At 6 months post partial nephrectomy. (c) At 6 years 
post partial nephrectomy. 


Figure 1.8 Asymptomatic pseudo-aneurysm identified 18 months after partial nephrectomy. Curvilinear 
calcification seen on CT (arrows, a) with pseudo-aneurysm demonstrated on angiography (b). This was treated 
with coil embolisation (c). 
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Whilst there are variations in technical 
issues, neither modality is clearly superior 
and preference is largely based on institu- 
tional facilities and clinician experience [11]. 
Currently, both are delivered as CT-guided 
techniques using a percutaneous approach, 
although some centres continue to use a 
laparoscopically guided approach with CA in 
selected cases. 

As the tumour remains in situ follow- 
ing ablative therapies it is imperative that 


Figure 1.9 (a) Axial and 
(b) coronal CT images 
demonstrated new 
hydronephrosis at 

6 months post partial 
nephrectomy for a right 
lower pole lesion. 

(c) Retrograde 
pyelogram obtained at 
the time of retrograde 
dilatation and stenting. 
(d,e) Subsequent CT at 12 
months demonstrated 
resolution of the 
hydronephrosis without 
further intervention. 
Non-absorbable polymer 
sutures (arrows) used to 
secure haemostasis are 
seen on (b) and (e). 


radiological surveillance with cross-sectional 
imaging is undertaken to exclude residual or 
recurrent malignancy. There is no consensus 
regarding frequency or duration of imaging 
studies [12]. Both MRI and CT can be used 
and require contrast studies to assess for 
incomplete ablation and recurrent tumour 
formation. As the radiological appearances 
of ablative therapies may evolve over time, 
serial studies are critical to determine suc- 
cessful treatment. Interpretation of changes 
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Figure 1.10 Enhancing endophytic renal mass pre-cryoablation (arrow, a). (b) Axial and (c) sagittal post 
contrast CT images demonstrate acute haemorrhage (arrowheads) at 6 hours post cryoablation. (d) 
Subsequent angiogram demonstrates acute extravasation from a lower pole segmental artery. (e) Haemostasis 
was achieved following successful super selective embolisation with micro coils. 


to the treated and surrounding areas creates 
challenges in addition to the long-term 
burden of follow-up imaging. 


Complications 


Early Complications Despite its minimally 
invasive nature both RFA and CA are asso- 
ciated with complications requiring imaging 
in the early period following the procedure. 
Some degree of haemorrhage is an expected 
outcome following percutaneous ablation. 
If contrast is administered immediately 
after CA bleeding may be seen along the 
applicator tracts [13]. Most scans during 
or immediately following renal ablation 
procedures will show some evidence of 
perinephric haematoma, regardless of the 


technology used [13]. Whilst the vast major- 
ity are subclinical, significant haemorrhage 
can occur and may be both perinephric 
(Figure 1.10) and subcapsular (Figure 1.11) 
[14]. Collecting system and ureteric damage 
can occur when these structures are adjacent 
to the treated lesion, resulting in urinoma 
formation and obstruction [13]. 


Late Complications As with partial nephrec- 
tomy, both RFA and CA may be associated 
with late complications which may be 
demonstrated on imaging performed for 
clinical indications or become apparent with 
follow-up surveillance studies. Subcapsular 
haematoma may also occur insidiously with 
compromise to renal function [14]. Ureteric 
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Figure 1.11 Following radiofrequency ablation (RFA) for an upper pole renal mass measuring 3 cm (arrow, a), a 
patient represented at 4 days with persistent left flank pain related to subcapsular haematoma (arrows), seen 


on (b) T1 and (c) T2-weighted MRI. 


stenosis may also be seen on follow-up imag- 
ing — typically associated with treatment of 
medial lower pole masses. 


Successful Tumour Ablation 

With successful ablation, renal tumours will 
ultimately appear as focal lesions with no 
evidence of contrast enhancement on MRI 
(Figure 1.12) and CT [15]. Whilst there may 
be a zone of ablation, which can increase in 
the days following treatment, involution and 
residual scar formation subsequently occurs 
if tumour eradication has been successful 
(Figure 1.13). This can be a relatively slow 
process, with 30% reduction in the first 6 


months. By 3 years the ablation zone size 
has decreased by an average of 75%. At this 
point only 40% of cases have undetectable 
treatment zones on CT or MRI [15]. Conse- 
quently, lack of involution of the treated zone 
is not indicative of treatment failure. 

On CT scanning, the treated areas appear 
as low attenuation regions following both 
RFA and CA. On MRI, tumours appear isoin- 
tense to hyperintense on T1-weighted images 
and hypointense on T2-weighted MRI com- 
pared with normal renal parenchyma [15]. 
Within the treated tumours, necrotic debris 
and areas of haemorrhage may demonstrate 


Figure 1.12 Contrast-enhanced T1-weighted MRI (a) before treatment with the renal tumour seen as an avidly 
enhancing exophytic mass arising from the posterior aspect of the right kidney and (b) immediately following 
successful radiofrequency ablation where the lesion is now devascularised and does not enhance post contrast. 


Figure 1.13 Progressive 
involution following 
cryoablation. (a) CT 
image of a 2.0-cm 
tumour with changes: 
(b) at 3 months, (c) 1 year 
and (d) 2 years following 
treatment. 


increased signal intensity on MRI. On 
CT, these appear as areas of increased 
attenuation. These changes are most appar- 
ent during the first few months following 
treatment. 

Following ablative therapies a thin rim 
of enhancement peripheral to the treated 
parenchyma can be seen on CT and MRI. 
This periablational enhancement reflects 
the physiological response to tissue injury 
comprising early reactive hyperaemia with 
subsequent inflammatory cell response and 
fibrosis [12]. The enhancing component 
gradually resolves and is often barely visible 
after 3-6 months. An area or halo of curvilin- 
ear hyperattentuation, however, may persist 
to some extent for years after treatment 
(Figure 1.14). This benign process appears 
as an essentially concentric, symmetric and 
largely uniform process. Its smooth margins 
need to be distinguished from the irregular 
peripheral enhancement associated with 
residual tumour. 
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Treatment Failure 

Contrast enhancement within ablated lesions 
is generally indicative of the presence of 
residual tumour. This is typically seen as a 
nodular (Figure 1.15) or crescentic region 
peripherally located within the ablated 
lesion (Figure 1.16). The latter needs to be 
differentiated from the thin peripheral rim 
of enhancement that can persist for several 
months following successful ablation. 

Failure of ablative therapy must be sus- 
pected with tumour, or parts thereof, that 
demonstrate increased post-contrast signal 
intensity on MRI or enhances more than 10 
HU with contrast-enhanced CT imaging [12, 
15]. Similarly, serial increase in tumour size 
following treatment should be regarded with 
suspicion. 

Both RFA and CA result in a spherical 
treatment effect and thus residual tumour 
generally manifests as enhancing tissue that 
is nodular or crescentic in shape at the 
periphery of the ablated tumour. Within 
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Figure 1.14 (a) Exophytic tumour prior to cryoablation. (b) Venous phase CT scan at 3 months demonstrates a 
heterogeneous hypodense area in the ablation zone with a curvilinear hyperattentuation area, or‘halo’. (c) At 
12 months, ablated lesion shows non-enhancement but persistence of the curvilinear hyperattentuation in the 
surrounding perinephric fat. 


treated lesions, haemorrhage or calcifica- 
tion can produce relatively high attenuation 
on CT which obviously do not enhance 
(Figure 1.17). With MRI, subtraction or 
quantitative assessment is used to assess con- 
trast enhancement, as high signal intensity 
on T1 images in treated tumours. 

Residual hypervascular tumours show avid 
enhancement with late arterial phase images. 
Less vascular tumours may demonstrate 


more delayed contrast enhancement requiring 
delayed venous images to appreciate [12]. 
At times, findings may be subtle or equivo- 
cal in nature and may prompt early repeat 
CT or MRI and possible consideration of 
biopsy — although sampling error may limit 
its utility [16]. 

Unfortunately, with ablative therapies 
residual microscopic foci of tumour may 
not be identified with current imaging 
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Figure 1.15 Contrast-enhanced axial CT images post percutaneous cryotherapy at 24 months demonstrated a 
new enhancing 9-mm nodule (arrow, b) in comparison with the 12-month post-treatment scan (a). The nodule 
demonstrated further growth to 12 mm on the 27-month CT (arrow, c). 


Figure 1.16 Patient who underwent RFA to a 3-cm right renal lesion initially had a favourable CT response at 
3 months (a) but on subsequent imaging 6 months later demonstrated enhancing soft tissue nodularity in the 
periphery of the lesion (arrow, b). This progressed further over a 6-month period with clear tumour recurrence 
in the anterior aspect of the lesion (c), arrow. 


Figure 1.17 (a) An enhancing right renal lesion was treated with percutaneous cryoablation. (b) At 3 months 
post cryoablation, the lesion no longer demonstrated significant post-contrast enhancement. (c) At 18 months, 
the lesion had reduced in attenuation and in size. (d) At 4 years, the treated lesion had reduced further in size 
and was non-enhancing containing areas of peripheral calcification (arrowed) as well as a surrounding halo. 


techniques and, consequently, even with 
apparent radiological success, long-term 
surveillance imaging is required. 

Treatment failure may only become radi- 
ologically apparent over time reflecting 


progression of viable elements of the tumour. 
Enlargement or subsequent appearance 
of enhancement within the ablated region 
following an initially favourable radiolog- 
ical response should be regarded with a 
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high level of suspicion and either closely 
monitored or considered for investigation 
and treatment [16]. 


Surveillance 


Small renal tumours are often detected 
in elderly patients with significant co- 
morbidities. Many of these tumours have 
a lower malignant potential, with 20% or 
more, in fact, being benign lesions such as 
oncocytomas. Based on series reports, active 
surveillance (AS) of small renal tumours 
may be appropriate in elderly patients and 
even younger patients with co-morbidities. 
Data from retrospective studies demonstrate 
that the growth rate for these tumours is 
slow, with very few progressing to metastatic 
disease [17]. Consequently, AS with treat- 
ment only with evidence of progression is 
now increasingly practised and is the initial 
strategy in up to 10% of patients presenting 
with small renal masses [18]. Radiological 
studies, employing one or more of US, CT 
or MRI, do not reliably distinguish between 
benign and malignant masses <4 cm in 
diameter. Tumour growth, features or mul- 
tifocality do not appear particularly useful. 
An analysis of multiple retrospective AS 
series suggested only lesions that demon- 
strated growth developed metastases, with 
the obvious uncertainty that intervention at 
presentation would have prevented this [19]. 

Thus, whilst growth rate of small renal 
tumours may be a predictor of aggressive 
disease, this has not been validated in a 
controlled or prospective fashion. Studies 
use a range of modalities to assess lesions, 
with a broad range of clinicians assessing 
potential changes. Linear dimensions based 
on diameter is the principal technique used 
for measuring and reporting tumour size 
and growth in studies and is the standard 
in clinical practice. Whilst this is the easiest 
and most reproducible mechanism to assess 
and follow masses, it may not be as represen- 
tative of clinical significance as volumetric 
assessment — although the latter is not yet a 
widely used tool. 


Follow-up Imaging 


Nephron-sparing approaches to renal 
tumours introduce a requirement for 
follow-up imaging significantly greater 
than with nephrectomy. All guidelines, even 
following nephrectomy, have been generated 
from retrospective series without prospective 
evaluation either oncologically or financially 
[20]. Nor surprisingly, whilst imaging follow- 
ing nephron-sparing approaches is the topic 
of many publications, there is no consensus 
or evidence-based guidelines with respect to 
frequency, duration or modality of imaging 
[21]. 

Surveillance studies have highlighted the 
slow growth of small renal masses, and 
consequently local recurrence may take con- 
siderable time to be radiologically apparent. 
Follow-up imaging therefore would appear a 
necessary requirement for nephron-sparing 
approaches to small renal masses unless final 
histology has confirmed a benign lesion such 
as an oncocytoma. Cost considerations and 
avoidance of repeated contrast exposure 
would favour the use of US where feasible 
in the longer term, reserving MRI and CT 
for when size or features change. As tumour 
recurrence may have subtle features, which 
may be slow to become apparent, imaging 
should always be performed with access to 
prior studies to characterise accurately the 
features of any abnormality as well as size of 
residual lesions over time. 


Partial Nephrectomy 

Cross-sectional imaging, with either CT or 
MRI, as well as a US examination of the 
kidneys at 3-6 months following surgery 
would seem a sensible approach. This is 
fundamentally to establish a baseline to 
enable interpretation of longer term studies 
and identify unrecognised complications of 
surgery. With this any changes seen can be 
reasonably attributed to the procedure as 
recurrence, particularly in the absence of 
positive surgical margins, at this time point 
is extremely unlikely. Subsequent imaging 
can comprise annual US alone, provided 


it is a technically satisfactory evaluation, 
to minimise cost and radiation exposure. 
Patients with positive surgical margins, 
larger size (pT1b), adverse histological fea- 
tures, hereditary and multifocal tumours may 
also warrant more frequent imaging includ- 
ing contrast studies because of heightened 
concerns regarding local recurrence. 


Ablative Therapies 

Follow-up imaging is more burdensome 
with both RFA and CA as residual lesions 
can remain after apparently successful 
ablation. The complex features of the resid- 
ual mass that frequently remains requires 
contrast-enhanced evaluation to verify treat- 
ment success. As with partial nephrectomy, 
baseline imaging with CT or MRI should 
be undertaken at 3 months. The intervals 
between subsequent studies will be depen- 
dent on findings, particularly if the ablated 
mass demonstrates any suspicious features. 
With complete resolution of the mass or 
a stable residuum/scar without contrast 
enhancement, US examination could be 
substituted after several years to reduce 
both the cost and other implications of 
contrast-based studies. This should be con- 
tinued as recurrence can occur after even 
complete resolution of a post-treatment 
mass (Figure 1.18). 


Figure 1.18 (a) No 
residual abnormality 
demonstrated at the site 
of laparoscopic 
cryotherapy at 3 years 
post treatment. (b) 
Further MRI at 4 years 
post treatment 
demonstrated an 
enhancing 2.3-cm mass 
in the mid pole of the left 
kidney consistent with 
recurrence. This was 
subsequently treated 
with percutaneous 
cryotherapy. 
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Surveillance 

To date, there are no consistent criteria 
for either consideration of AS or follow-up 
imaging. Clinical judgement and patient 
preference favour this in selected cases 
where age or co-morbidities are relevant 
factors [22]. With solid lesions there is little 
need for follow-up imaging to be dictated 
by the need to characterise the mass as the 
essential trigger for intervention is size. 
When technically feasible, US is quite ade- 
quate to provide linear measurements in 
several axes. Frequency of imaging is also 
undetermined although initial reassessments 
at 3-6 month intervals may be useful for 
clinician and patient reassurance. Frequency 
can be reduced if stability of the mass is 
demonstrated and both the clinician and 
patient remain comfortable. Complex cys- 
tic lesions are more problematic and may 
require more detailed characterisation with 
contrast studies [23]. 


Conclusions 


The increased utilisation of nephron-sparing 
approaches in the management of small 
renal masses has increased the need for 
follow-up imaging compared with nephrec- 
tomy. The interpretation of radiological 
findings has also become more challenging. 
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This relates to the complications and local 
effects of treatment as well as the risks 
of local recurrence and tumour progres- 
sion. Serial imaging studies are frequently 
required which may need to be tailored to 
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Renal Transplantation 


Rhana H. Zakri, Giles Rottenberg and Jonathon Olsburgh 


Introduction 


The last 61 years of renal transplanta- 
tion have seen many surgical and medical 
advances, not least pushing the boundaries 
with extended criteria for kidney donors and, 
more recently, minimal access transplant 
surgery. Complications after renal trans- 
plantation are therefore not only varied, but 
also vast. Discussing all would be beyond 
the scope of this chapter so we concentrate 
on commonly encountered surgical (vascu- 
lar and urological) complications in adult 
transplant recipients. 

To understand transplant complications 
better, it is pertinent to highlight how 
a normal kidney transplant appears on 
ultrasound (US). 


The Role of Ultrasound Imaging 


Greyscale and colour Doppler US are very 
important in early and long-term allograft 
monitoring. This is because US provides a 
non-invasive, cheap, reproducible means 
to assess renal transplant (Tx) perfusion 
and drainage without nephrotoxicity and 
radiation which can be performed at the 
bedside or even intraoperatively if neces- 
sary (Figure 2.1). Doppler US is used to 
identify iliac and renal vessels. The resistive 
index (RI), a measure of blood flow, can be 
calculated as follows: 


RI = (peak systolic velocity — end 
diastolic velocity) 
/ peak systolic velocity 


The normal value is ~0.60, with 0.70 being 
around the upper limits of normal. 

Normal peak systolic velocities for trans- 
plant renal arteries range up to 2.5 m/s [1]. 
Figure 2.2 shows normal renal vascular wave- 
forms on Doppler US. 


Vascular Complications 


Transplant Renal Artery Stenosis 


Transplant renal artery stenosis (TRAS) is 
a relatively common vascular complication 


`> t 


` ~ =~ 
Renal Cftex 


“~~ RIF TX 


Figure 2.1 Normal greyscale ultrasound (US) of a 
renal allograft. 
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which can occur early or late [2]. Early recog- 
nition is important to prevent irreversible 
damage to the transplanted kidney and 
reduce patient morbidity [2, 3]. TRAS should 
be considered in patients with new onset 
and/or resistant hypertension, proteinuria 
and graft dysfunction. The cause of TRAS 
may be multifactorial including surgical tech- 
nique, type of allograft, atherosclerosis and 
immunological factors as well as endothelial 
damage from calcineurin inhibitors [3, 4]. 
The most common situation is stenosis at the 
arterial anastomosis. This occurs more com- 
monly with small arteries, especially if there 


0.64 


are multiple transplant renal arteries and 
if there is no aortic (Carrel) patch or if the 
aortic patch used had pre-existing athero- 
matous renal ostial stenosis. Occasionally, an 
existing arterial stenosis closer to the renal 
hilum becomes apparent post transplant. 
Rarely, a sharp kink in the Tx artery occurs 
as a result of incorrect positioning of the Tx 
kidney and/or Tx artery relative to the iliac 
artery [3]. 

Although Doppler US can be technically 
challenging, peak systolic velocity is the most 
sensitive criterion for the diagnosis of TRAS 
(Figure 2.3) [5]. 


Figure 2.3 Transplant 
renal artery stenosis 
(TRAS) Doppler 
waveform. US 
demonstrates severe 
elevation of systolic 
velocity at nearly 500 
cm/s. 
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If Doppler US is abnormal, non- 
gadolinium magnetic resonance imaging 
(MRI) is performed to define the anatomy, 
confirm the diagnosis and guide subsequent 
management. Digital subtraction angiogra- 
phy is the ‘gold standard’ for the diagnosis of 
TRAS. It facilitates pressure measurements 
across a stenosis to confirm a diagnosis. It 
also permits interventional procedures such 
as percutaneous balloon angioplasty, with or 
without arterial stenting, to treat TRAS [1]. 


Surgical correction is reserved for patients 
unsuccessfully treated with interventional 
radiology methods (Figure 2.4). 


Transplant renal vein thrombosis (RVT) 
occurs in 0.3—3% of renal transplant patients 
[6]. Presentation is with acute pain and 
swelling over the graft as a result of abrupt 
non-function, typically on days 1-8 postop- 
eratively. It can progress rapidly to rupture, 


bor dilatation 


/ 


> 2.4 (a) Angiographic visualisation of TRAS at its junction with the common iliac artery (CIA). 
(b) Angioplasty and balloon dilatation of stenotic segment. (c) Transplant (Tx) renal artery stent insertion. 


haemorrhage, and shock. Without a high 
index of suspicion, renal graft thrombosis can 
quickly lead to graft loss [1]. Reasons for RVT 
include poor anastomotic surgical technique, 
multiple transplant renal veins, kinking of 
the vessels during allograft positioning and 
ilio-femoral thrombosis. Predisposing risk 
factors include perioperative haemodynamic 
status (such as hypotension/hypoperfusion), 
prolonged ischaemia time, hypercoagulable 
recipient and acute rejection [7-10]. 

Renal duplex scanning is a useful non- 
invasive tool. Diagnosis is suggested by 
reversed arterial flow (Figure 2.5a), loss of 


Left ILIAC 


Renal pelvis 


venous flow on Doppler studies (Figure 2.5b) 
or evidence of a dilated renal vein with 
thrombosis within. If clinical suspicion 
of thrombosis is strong, angiographic 
contrast studies should be performed- 
immediately [6]. 


Transplant renal artery thrombosis (RAT) 
occurs at sites of arterial damage. This may 
occur during harvest, benching or clamping 
of the vessels. Thrombosis is most com- 
monly seen at areas of stenosis (Figure 2.6). 
Risk factors include multiple donor renal 


Figure 2.5 (a) Transplant renal 
vein thrombosis. Decreased 
venous blood flow to main renal 
vein at the hilum. Abnormal 
waveform showing reversed 
arterial flow. (b) Renal vein 
thrombosis and absent venous 
Doppler flow. 


Figure 2.6 Transplant 
renal artery thrombosis 
(RAT) in a lower pole 
segmental artery. 
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arteries, hypercoagubility, prolonged cold 
ischaemia time, delayed graft function and 
pre-transplant peritoneal dialysis [11]. 


Arteriovenous Fistula 


Percutaneous renal biopsies provide key 
diagnostic information during investiga- 
tion of transplant dysfunction. Iatrogenic 
renal vascular complications, however, do 
occur post renal biopsy, including pseudo- 
aneurysm, arteriovenous (AVF) and arte- 
riocalyceal (ACF) fistulae (Figure 2.7) [12]. 
Their significance usually depends on their 
location and size and many are clinically 
unimportant [13]. Severe bleeding and per- 
sistent haematuria, widened pulse pressure, 
tachycardia and high-flow shunting require 
active management. Most commonly, treat- 
ment is with angiographic evaluation and 
endovascular embolisation. Rarely, partial or 
total nephrectomy or arterial ligation may be 
necessary [12, 13]. 


Follow-up 


Close monitoring of parameters such as renal 
function and blood pressure are necessary 
following treatment of all vascular compli- 
cations. Follow-up imaging is arranged on a 


Figure 2.7 latrogenic arteriovenous fistula (AVF) 
from the CIA following transplant renal biopsy. 


clinical and case-by-case basis. In general, an 
annual renal Doppler US is performed. 


Urological Complications 


Urological complications occur in 2.5—30% of 
renal transplant recipients [14]. Figures 2.8- 
2.14 in the following sections show how com- 
monly occurring problems can be identified. 


27 


28 | Radiology and Follow-up of Urologic Surgery 


Anastomotic 
leak Bladder 


= 


Urethral 
catheteg 


Figure 2.8 Cystogram image showing extravasation 
of urine at uretero-vesical anastomosis. 
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Anastomotic Urinary Leak or Urinoma 

The routine use of a Tx ureteric stent, 
tension-free well-vascularised mucosa to 
mucosa anastomosis, optimal organ posi- 
tioning and bladder catheterisation all aim 
to protect the uretero-vesical anastomosis. 
Despite this, the literature reports urinary 
leak in 1.8-5.4% of cases (Figure 2.8). Other 
than surgical technique, the most com- 
mon risk factors are donor age, multiple 
donor arteries, steroids and delayed graft 
function [15]. 

Once identified, management is dependent 
on the severity of the leak. Bladder catheter- 
isation with maintenance of a ureteric stent 
and perinephric drain may allow a small 


Figure 2.9 (a) CT scan showing 
urine leak of a missed duplex 
ureter from the lower of two 
dual kidney transplants. (b) 
Antegrade study showing the 
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Figure 2.10 Dual kidney transplant with dual duplex 
ureters. The lower kidney duplex ureters have JJ 
stents in situ. 


defect to heal within 2-3 weeks. Interval 
cystogram can be performed to identify if 
there is ongoing extravasation of contrast. If 
no further leak is demonstrated, the catheter 
and stent can be removed. Ongoing clini- 
cal assessment and renal transplant US are 
used to identify signs of sepsis or ureteric 
obstruction. For larger anastomotic defects 
or persistent leaks, ureteric re-implantation 
is necessary. Follow-up with cystogram, ret- 
rograde studies or CT urogram can be used 
to confirm an intact anastomosis. 


Missed Duplex Transplant Ureter 
Ureteric duplication is the most commonly 
seen renal anomaly. It is found in 0.6-1.0% of 
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Figure 2.12 Micturating cysto-urethrogram (MCUG): 
right grade V transplant reflux. 


donor kidneys [16]. The ureter may be 
partially or completely duplicated. Whilst 
duplex ureteric implantations potentially 
lend themselves to increased patient morbid- 
ity, case series in the literature show duplex 
kidneys to be safe for transplantation. Aware- 
ness of the possibility of a duplex ureter is 
important during donor kidney bench- 
ing. This is to avoid complications from 
missed ureter and subsequent ureteric leak 
(Figure 2.9). 
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Figure 2.11 Serial nephrostogram images of ureteric obstruction secondary to ureteric stricture and 


subsequent antegrade stent insertion. 
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Figure 2.13 CT scan showing perinephric stranding 
indicating Tx pyelonephritis (arrow). 
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Figure 2.14 Cystogram showing a vesico-cutaneous 
fistula post renal transplant. 


Extended donor criteria have led to an 
increase in the renal donor pool. This 
includes the use of dual kidney transplants 
in a single patient. The incidence of dual 
Tx kidneys both having duplex ureters is 
tiny. Figure 2.10 shows a patient successfully 
transplanted in this situation. 


Ureteric Stenosis 

Ureteric stenosis occurs in 2.4-6.5% of 
Tx cases [15]. Commonly, an ischaemic 
ureteric stricture ensues following tissue 
de-vascularisation or rejection although BK 


viraemia is also a known precipitant [17]. 
Presentation is with renal graft dysfunction 
and decreased urine output. US shows graft 
hydronephrosis. Initially, a nephrostomy is 
inserted followed by an antegrade nephros- 
togram and often antegrade stent insertion 
(Figure 2.11). Whilst balloon dilatation may 
have a role, definitive management more 
often requires ureteric re-implantation. Suc- 
cess with balloon dilatation is variable and 
one should be mindful of the possibility 
of recurrent stricture formation or initial 
failure. Regular renal function tests and 
allograft US after balloon dilatation will con- 
firm successful management or re-emergent 
hydronephrosis. 


Transplant Ureteric Reflux 

Despite improved intra- and extravesical 
uretero-vesicostomy techniques, a degree of 
reflux is common with transplant ureteric 
implantation. Despite this, no specific trans- 
plant reflux grading system exists. The 
international radiographic vesico-ureteric 
reflux grading system extrapolated from 
the non-transplant paediatric population is 
applied (Figure 2.12) [18]. 

The presence of reflux on its own does 
not mandate treatment. However, transplant 
pyelonephritis with accompanying renal 
dysfunction indicates high risk for renal 
graft loss and therefore intervention may be 
needed (Figure 2.13). In such cases a dimer- 
captosuccinic acid (DMSA) scan should be 
performed after the acute phase of infection 
has been treated. This defines areas of persis- 
tent scarring of the transplant cortex. Where 
possible, endo-urological submucosal injec- 
tion at the transplant ureteric orifice is used 
as first line management for reflux. In severe 
or persistent cases, ureteric re-implantation 
is required. 


Bladder Complications 


Urinary Fistulae 

Formation of a urinary fistula presents com- 
plex problems and high morbidity following 
transplant surgery. The most common sites 


of uretero-cutaneous or vesico-cutaneous 
fistulae are at the uretero-vesicostomy or the 
ureter itself (Figure 2.14). Causative factors 
include poor surgical technique, ureteric 
ischaemia, acute rejection and neuropathic 
bladder [19]. Whilst small fistulas can be 
managed with temporary urine diversion 
techniques, definitive management of larger 
defects is with surgical excision of the fistula 
tract and repair. Postoperative outcome can 
be confirmed with endoscopic retrograde 
studies or a cystogram. 


Lymphocoeles 

Many lymphocoeles are detected on US 
(Figure 2.15a) and may be asymptomatic. 
Symptomatic patients present most com- 
monly with abdominal pain, lower limb 
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oedema, graft dysfunction or deep vein 
thrombosis. Lymphocoeles arise through 
leakage from lymphatic vessels of the trans- 
planted kidney or those surrounding the iliac 
vessels of the recipient [20]. 


Renal Transplant Stone Disease 

Urolithiasis in the renal Tx patient is either de 
novo allograft stone formation (with no prior 
evidence of donor urolithiasis) or stones that 
are ‘donor gifted’ (i.e. transferred with the 
transplant kidney). 

The incidence of new onset stone disease 
in renal transplant patients is low, ranging 
between 0.4% and 6% [21]. Because of allo- 
graft denervation, one must be aware that 
patients may not present with typical symp- 
toms of renal colic and are therefore at risk of 
ureteric obstruction. The exact mechanism 
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Figure 2.15 (a) US showing lymphocoele. (b, c) CT confirmation of a perinephric, extravesical collection in 


which the ureteric stent is not seen to be present. 


Figure 2.16 Arrows 
highlighting stones 
present in right iliac fossa 
(RIF) transplant kidney 
prior to treatment. X-ray 
of the kidneys, ureter 
and bladder (KUB) shows 
how stones are often 
difficult to ascertain ona 
plain film (a) because of 
the overlying bone. They 
are clearly seen on CT (b). 
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Figure 2.17 CT scan showing large haematoma 
secondary to graft rupture following blunt trauma to 
the abdomen. Areas of high and low density are 
seen within the collection. The high density is a 
typical feature of a bleed. 


of allograft stone formation is not known 
[20]. However, calcineurin inhibitor (CNI) 
usage is known to affect metabolic homeosta- 
sis causing hypocitraturia, hyperkalaemia, 


Transplant 
kidney 


hyperoxaluria, hypercalciuria and hypomag- 
nesaemia. These imbalances predispose to 
stone formation [21]. Other factors such as 
vesico-ureteric reflux, urinary tract infec- 
tions, renal tubular acidosis and low urinary 
pH also have a role. Correction of causative 
factors and metabolic imbalances forms an 
essential part of management. Stones are 
treated by endo-urological, percutaneous, 
lithotripsy or open surgery, depending on 
size, location and ease of access through the 
transplant ureter (Figure 2.16) [22]. 

Better screening of deceased and liv- 
ing donor organs has led to improved 
pre-operative detection of ‘donor gifted’ 
stones and ex vivo ureteroscopy can ren- 
der a kidney stone-free prior to transplan- 
tation [23]. 


Renal Transplant Trauma 

Because of allograft positioning, the kidney 
is particularly vulnerable to blunt, as well as 
penetrating, trauma (Figures 2.17 and 2.18). 
A high index of suspicion is required as acute 
rejection, graft rupture and graft loss can 
occur. 


Transplant Renal Cell Carcinoma 
Renal cell carcinoma (RCC) is more common 
in the native kidneys than the allograft 


Figure 2.18 CT scan 
showing large 
perinephric haematoma 
following a renal 
transplant biopsy. 
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Figure 2.19 Contrast- 
enhanced CT scan showing 
subtle difference in 
enhancement of the small 
renal mass. This is likely to be 
a renal cell carcinoma (RCC). 
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Figure 2.20 Contrast-enhanced CT scan showing a 
filling defect in the distal Tx ureter causing Tx 
hydronephrosis. Source: Olsburgh et al. [26]. 
Reproduced with permission of John Wiley and Sons. 


itself [24]. The incidence of de novo RCC 
is low at 0.19-0.5% [25]. Investigation is 
best carried out with contrast-enhanced CT 
scan, if the patient’s renal function allows it 
(Figure 2.19). US, non-contrast CT or MRI 
may be used if graft function is poor. 

Whilst renal transplant nephrectomy 
remains the treatment of choice in these 
cases, newer surgical techniques and close 
follow-up have paved the way to possible 
partial nephrectomies even in the renal 
transplant population (see Chapter 1). 
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Transplant Ureteric Transitional 

Cell Carcinoma 

Transitional cell carcinoma (TCC) of the 
transplant ureter (TCCtu) is rare. Presenta- 
tion in most cases is with graft dysfunction 
and haematuria. This should always be 
investigated urgently. An US followed by 
a subsequent contrast-enhanced CT uro- 
gram is the gold standard. Transplant 
hydronephrosis is often seen secondary 
to TCCtu obstruction (Figure 2.20). This 
requires either a percutaneous nephrostomy 
or JJ stent insertion in the first instance whilst 
an appropriate oncological management plan 
is being considered. 

Early detection of TCCtu enables poten- 
tially curative ureteric resection, preserva- 
tion of a functioning Tx and urinary tract 
reconstruction [25]. In some cases, however, 
a transplant nephrectomy and return to 
dialysis are unavoidable. 


Conclusions 


The breath of potential complications fol- 
lowing renal transplantation is vast. We 
describe a select few of the commonly arising 
problems. Clearly, appropriate radiologi- 
cal investigation has a pivotal role in the 
early detection and management of these 
complications. 
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Imaging After Endo-urological Stone Treatment 


Daron Smith and Clare Allen 


Introduction 


The surgical management of urinary tract 
stones has been revolutionised during the 
working lifetime of many senior urologists. 
Until about 1990, the huge majority of upper 
tract stones were removed by open surgery. 
Except with complex staghorn stones, it was 
usual for the patient to be rendered ‘stone 
free’ by a single procedure, albeit through an 
incision that was very much larger than the 
stones themselves. Nowadays, surgeons have 
a variety of minimally invasive procedures 
from which to choose, although some are less 
‘minimally invasive’ than others. The most 
common unsatisfactory outcome is that 
the stone burden is not entirely removed; 
incomplete clearance has therefore become 
routine, providing the failure rate is within 
parameters acceptable to surgeons. The 
patient may regard failure to clear the stones 
as a complication, though may accept it pro- 
viding the possibility was clearly explained in 
advance or the procedure was regarded as a 
part of a course of treatment. 

The surgeon is therefore trying to select 
one of many possible techniques according 
to the nature of the stone burden, its position 
and the anatomy of the urinary tract. Unlike 
most of the other chapters in this book, the 
arrangement of sections in this one is to 
show the outcomes by these criteria and the 
techniques used, in addition to the more 
conventionally reported complications for 


other urological procedures such as death, 
structural damage and infection. Accord- 
ingly, it covers the endoscopic, fluoroscopic 
and postoperative appearances of the uri- 
nary tract as a consequence of stone disease, 
both following active treatment and from 
the potential consequences of conservative 
management during which secondary com- 
plications may occur. Specifically, the features 
following minimally invasive treatment 
with extracorporeal shock wave lithotripsy 
(ESWL), and of the surgical treatment by 
‘endoluminal endourology— ureteroscopy 
(URS), flexible ureterorenoscopy (FURS; 
also known as retrograde intrarenal surgery, 
RIRS) and percutaneous nephrolithotomy 
(PCNL) — are discussed. 


The Procedures 
Conservative Management 


Guidance for the decision to treat inciden- 
tally detected stones actively or to adopt an 
observational approach and treat if needs be 
can be derived from studies that detail the 
natural history of conservatively managed 
stones, in which ‘progression’ (ie. stone 
growth, obstruction or pain) would lead 
to a change of tack from observation to 
intervention (Figure 3.1). 

For patients presenting with asymptomatic 
renal stones, Kaplan—Meier analysis suggests 
that by 7.25 years of follow-up about 50% 
of all patients will have required no surgical 
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Figure 3.1 Conservative management of renal stone. These plain film images show a left renal pelvic stone 

(a, white arrow) gradually enlarging (b), then branching towards the inter- and lower-pole calyces (c, arrows). 
(d) An intravenous urogram (IVU) performed 18 months after the initial image, the relation of stone (white 
arrows) to calices (black arrows) is shown. (e,f) A MAG3 renogram at the time of the IVU shows that, despite the 
enlargement of the stone, at this stage there has been good preservation of function and that the left kidney 
(represented by the black line on the renogram curves) is unobstructed. 


intervention and suffered no renal damage. 
Those with stones of >4 mm, in the lower 
pole or pelvis and associated with higher 
urinary calcium or uric acid were more likely 
to require surgical treatment [1]. 

In some patients therefore, observation 
by annual ultrasound (US) for 7 years could 
be offered and surgical intervention used 
for significant pain or stone growth. If the 
stone is not seen on ultrasound, a CT scan of 
the kidneys, ureters and bladder (KUB) may 
be needed, either to confirm its absence or 
to plan intervention if the patient remains 
symptomatic or has risk factors and therefore 
might opt for preventative intervention. 

However, if preventative intervention is 
considered, it is important to balance the 
decision to treat against the knowledge that 


intervention for asymptomatic renal stones 
carries risks, dependent on the magnitude 
of the treatment required. In a prospectively 
randomised trial comparing PCNL against 
ESWL with observation, PCNL had a 100% 
stone-free rate, with a 3% chance of a renal 
scar on follow-up dimercaptosuccinic acid 
(DMSA) scan, compared with a 3% chance 
of being stone free (due to spontaneous pas- 
sage) at 1 year if observed, but with no scars. 
The worst outcome was in patients undergo- 
ing ESWL who had a 61.3% stone-free rate 
at 1 year, with four of 31 having additional 
treatment by PCNL or URS/FURS, and a 
scar by DMSA in 16% [2]. 

Conservative management is frequently 
used in the management of ureteric stones, 
where there is an adequate likelihood of 


Figure 3.2 Ureteric 
colic, with 
spontaneous passage 
of stone. Unenhanced 
low dose CT shows a 
hydronephrotic left 
kidney (a, arrow) with 
a 3-mm stone 

(b, arrow, andina 
coronal 
reconstruction, c) at 
the left 
vesico-ureteric 
junction (VUJ). The 
follow-up ultrasound 
(US) (d) shows an 
undilated kidney, 
with prominent 
ureteric jets at both 
the right (e) and left 
(f) ureteric orifices 
(red flares). These 
findings are 
consistent with the 
expected 
spontaneous passage 
of a small distal 
ureteric stone. 


spontaneous stone passage (Figure 3.2). As 
with renal calculi, the size and position of the 
stone are key factors in the decision making: 
the smaller the stone and the lower in the 
ureter, the more likely it is to pass (Table 3.1) 
[3, 4]. After controlling the severe pain of 
ureteric colic at presentation, subsequent 
episodes of pain are not usually so intense 
(particularly as the patient now knows the 
cause) such that observation is still a reason- 
able option even in patients with a dramatic 
initial presentation. 

Conservative management cannot be con- 
tinued indefinitely, however, because of the 
risk of functional loss. Here stone size is 
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not relevant but the period of obstruction 
is; patients whose stones pass within 14 
days have 100% renal recovery, compared 
to only 65% of those that remain for more 
than 28 days. Upstream infection accelerates 
damage, and therefore needs immediate 
intervention, not only to preserve function 
but to prevent the serious complications of 
systemic inflammatory response syndrome 
(SIRS) and/or sepsis (Figure 3.3) [5]. For 
conservative management to be justified, 
monitoring must be sufficiently frequent to 
prevent a relatively simple stone becoming a 
kidney or even life-threatening problem. 
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Table 3.1 Likelihood of spontaneous passage of a ureteric stone by size and position on presentation. 


Spontaneous passage Spontaneous passage 
Stone size (mm) rate (%) Stone position rate (%) 
1 87 Proximal ureter 48 
2-4 76 Mid ureter 60 
5-7 60 Distal ureter 75 
7-9 48 VUJ 79 
>9 25 


VUJ, vesicoureteric junction. 
Source: Data from Coll et al. [4]. 
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Figure 3.3 Obstructed infected kidney (requiring nephrostomy, antegrade stent and then ureteroscopy, URS). 
(a,b) The first two axial CT images show stones in multiple calyces (white arrows) of the right kidney. The 
patient subsequently presented with right loin pain, renal angle tenderness and a fever; US showed a dilated 
renal pelvis (c), with a dilated proximal ureter (d, black arrows), due to a stone in the proximal ureter (d, white 
arrows), including a prominent post-acoustic shadow (d, black arrowheads). This required the emergency 
insertion of a nephrostomy tube. When recovered, a nephrostogram was performed which shows drainage of 
contrast (e, black arrows) beyond the stone (e, white arrow) allowing an antegrade JJ stent to be placed (f) and 
the nephrostomy tube removed (g). 

The patient was treated by flexible ureterorenoscopy (FURS) showing an initial safety wire (h, black arrow) 
alongside the stent (h, white arrow) and an access sheath (i, white arrow) inserted over a separate working 
guide wire over which the flexible ureterorenoscope was advanced (i, black arrow). Contrast via the scope 
showed some extravasation (j, arrow) consistent with ureteric trauma, requiring a further JJ stent for drainage 
at the end of the procedure. A ‘second look’ ureterorenoscopy was performed, showing the ureter retained a 
normal calibre (k) allowing access of the ureterorenoscope to the kidney (I) and with subsequent unobstructed 
drainage by MAG3 renography (m) in which the right kidney is represented by the dotted line (i.e. that there is 
no ureteric stricture). 


An US for patients with a dilated upper 
tract should ideally be performed no later 
than 2 weeks after presentation and stone 
removal arranged if the dilatation has not 
resolved. If there is any doubt about the pres- 
ence of obstruction, a MAG3 scan should be 
performed. Up to 28% of patients intended 
to be followed with conservative intent have 
been shown to have ‘silent’ loss of function 
at presentation (Figure 3.4). Stone removal 
within 7 days gives better functional recovery 
than if it is delayed [6]. 


Ureteric Stones: Results 
and Complications 


Extracorporeal shock wave lithotripsy 


If ESWL (Figure 3.5) is to be undertaken 
for ureteric stones, early treatment has an 
advantage for stone clearance over delayed 
intervention. In a prospective study of 94 
patients with at least one episode of colic 
secondary to a solitary unilateral proxi- 
mal ureteric stone (mean stone size 7.9 + 
2.3 mm), patients treated within 24 hours 
had a mean time to stone clearance of 6.4 + 
6.3 days, compared with 16.0 + 7.8 days if 
treated beyond the first day [7]. 

This may bea result of gradual impaction of 
the stone with time. This theory is supported 
by the finding that ureteric wall thickness at 
the impaction site is the key variable that pre- 
dicts ESWL success [8]. In addition, patients 
with a solitary lumbar ureteric stone without 
hydronephrosis have higher stone-free rates 
after ESWL than those with dilatation (89.1% 
stone free vs 80.3% stone free). Patients with 
hydronephrosis (i.e. those more likely to have 
a long-standing and/or impacted stone) had 
a greater need for repeat treatment (2.4 vs 1.7 
sessions) and a longer time before stone clear- 
ance is achieved (16.2 vs 11.6 days) [9]. 

In turn, this is consistent with long-standing 
data regarding repeat treatment with ESWL, 
whereby a 68% stone-free rate after initial 
treatment increased to 76% if a second treat- 
ment is performed, but only to 77% overall if 
a third treatment is given [10]. 
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This situation is not improved by the 
placement of a JJ stent — a systematic review 
of eight randomised controlled trials (RCTs; 
876 patients, 453 stented and 423 unstented) 
showed no difference in stone-free rate 
between stented and unstented patients (rel- 
ative rate, RR 0.97) at a cost of a significantly 
higher risk of lower urinary tract symptoms 
in the stented group (RR 4.10) [11]. 

These data demonstrate that, if ESWL is 
going to be effective, it is best done early. 
If clearance is not achieved in one or two 
sessions, neither positioning of a JJ stent nor 
more ESWL is likely to yield further benefit. 


Ureteroscopy 


Ureteroscopy has been shown to be an effec- 
tive and safe intervention for ureteric stones 
in two recent studies involving more than 
17 000 patients. Using data from the Clinical 
Research Office of the Endourology Society 
(CROES) ureteroscopy database, stone clear- 
ance can be expected in approximately 95% 
of distal ureteric stones, 90% of mid ureteric 
stones and in 85% of proximal ureteric 
stones [12]. 

Complication rates are now acceptably 
low, with minor intraoperative issues such as 
mucosal abrasions or bleeding accounting for 
over two-thirds. More serious events such 
as ureteric perforation (0.7%), extra-ureteric 
stone migration (0.1%) and ureteric avulsion 
are reassuringly rare (0.04%) (Figure 3.6) [13]. 
Accordingly, ureteroscopic management is 
an increasingly popular intervention, with 
nearly a 50% increase between 2009-2010 
and 2014—2015 [14]. 

Stone size and location, impaction, opera- 
tion time and surgeon experience are factors 
influencing the rate of complications [13]. A 
‘favourable’ ureteroscopy is a single proce- 
dure that achieves a stone-free patient with 
no complications. In a series of 841 patients 
undergoing 908 ureteroscopic procedures, 
this was achieved in 83%. Complications 
occurred in 6.7% overall. Risk factors for an 
unfavourable result were proximal ureteric 
stones (RR 4), an inexperienced surgeon 
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Figure 3.4 Ureteric colic, with failure of stone 
to pass. Unenhanced low dose CT shows a 
hydronephrotic right kidney in axial section 
(a) with a 5-mm stone (arrow) in the right 
proximal ureter in axial (b) and coronal 
sections (c). Although the patient was pain 
free, the follow-up US (d) shows a mildly 
dilated kidney in axial view (marker crosses) 
for which a repeat CT (e,f) shows the stone 
remains. This patient required ureteroscopy 
and laser stone fragmentation (g) to clear the 
stone (just visible at the tip of the 
ureteroscope, white arrow). (h) An IVU was 
performed for follow-up (this is not a 
commonly used test nowadays) but clearly 
demonstrates normal symmetrical excretion 
of contrast, and bilateral 
undilated/unobstructed ureteric drainage. 
These images demonstrate the potential risk 
of ‘silent obstruction’ in a patient who is 
asymptomatic, but who does not experience 
the passage of the stone, and the importance 
of follow-up imaging to ensure a stone-free 
state. 
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Figure 3.5 Ureteric steinstrasse requiring URS and laser to clear. These images show the progressive 
fragmentation of a left lower pole stone (a, white arrow) by extracorporeal shock wave lithotripsy (ESWL), 
demonstrating fragments initially in the lower pole (b, white arrow) which are further fragmented after 
additional ESWL (c, white arrow) on follow-up imaging with a ‘lead fragment’ in the ureter (c, black arrow). The 
stone fragments then accumulate behind this leading fragment to create a ureteric steinstrasse (d, black 
arrows). Although this showed some progression towards the middle/lower third of the ureter (e, black arrow), 
a ureteroscopy was performed to clear the stones. In this image, a safety guidewire (f, white arrow) and a ‘stone 
cone®’ (Boston Scientific) can be seen (f, black arrow) above the tip of the ureteroscope. 


(RR 2.5), an impacted stone (RR 1.8) and 
stone width (RR 1.2) [15]. 

In another series, ureteroscopic success 
was negatively associated with primary stone 
size, total stone number and cumulative 
stone burden. Insertion of a JJ stent increased 
stone clearance to 97% of patients compared 
with 87% without a prior stent [16]. 


Antegrade ureteroscopy via the kidney can 
be considered. Operating time is longer but 
stone-free rates are significantly better for 
stones >15 mm above the level of L4, when 
compared with retrograde URS. This may 
be caused by retropulsion of stones, because 
the clearance rates were similar for stones 
below L4, with retropulsion seen in less than 
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10%, compared with just under 50% for those 
higher than the upper border of the fourth 
lumbar vertebra [17]. 


Renal Stones: Results and 
Complications 


Flexible Ureterorenoscopy 


UK national statistics have shown that, 
whilst the rate of ESWL for stones remained 


Figure 3.6 Impacted proximal ureteric stone. 
These images show the challenge of the 
impacted large proximal ureteric stone, 
demonstrated by a hydronephrotic right 
kidney on CT in coronal section (a) with a 
large stone (arrow) in the right proximal 
ureter (b). It was not possible to pass a safety 
wire (c, arrow) beyond the stone (c, black 
arrow), SO a ureteroscope was passed 
alongside the wire (seen buckling into an ‘S’ 
shape; d, arrow). A hydrophilic-tipped wire 
was aimed to pass the stone (almost 
‘epithelialised’ from being long-standing and 
impacted; ureteroscope image in e). A 
contrast study via the ureteroscope shows 
this wire had perforated the ureter (f, white 
arrow), with extravasation (f, black arrows), 
although some contrast was evident ina 
dilated calyx (f, white arrowheads). Leaving 
the perforating wire in situ, the ureteroscope 
was repassed, and the stone fragmented with 
a laser, allowing a second wire to be inserted 
to the renal pelvis. The perforating wire 

(g, white arrow) was left in situ (‘plugging the 
hole’) until a JJ stent was inserted over the 
second wire (g, black arrow), at which point 
the perforating wire was safely removed (h). 


stable, and the number of open surgical 
procedures continued to decline to just 30 
cases in 2014-2015, the number of FURS 
treatments doubled in the UK from 3267 to 
6631 between 2009 and 2015 [14]. 

CROES data from 1210 patients undergo- 
ing FURS for solitary kidney stone across 
114 worldwide centres showed that oper- 
ation time positively correlated with stone 
size, and the stone-free rate negatively cor- 
related with stone size, such that 90% of 


stones <10 mm in size were cleared in a 
single session, reducing to 80% for stones 
<15 mm, and down to 30% clearance at the 
initial operation in stones >20 mm in size. 
Although no difference in overall complica- 
tion rates was noted, stones >20 mm had a 
higher probability of fever [18]. For the larger 
stones (mean size 30 mm), a 91% clearance 
rate has been reported but at the expense of 
long operative times (up to 138 minutes) and 
a median of two procedures per patient [19]. 

In such cases, access sheaths are generally 
useful, to aid vision through better irrigation 
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whilst helping to maintain a low intrarenal 
pressure, and to allow multiple trips of the 
scope to and from the kidney if stone frag- 
ments are being retrieved. However, this 
comes at the potential cost of ureteric wall 
injury, which has been reported to be more 
prevalent than previously considered, occur- 
ring to some extent in 46.5%, and classed as 
severe (involving smooth muscle) in 13.3% 
(Figure 3.7). Risk factors include being male, 
older and not having a prior JJ stent [20]. 
FURS is particularly useful in complex sit- 
uations for which ESWL might take multiple 
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Figure 3.7 Ureteric trauma from an access sheath. These images show the potential for ureteric injury to be 
caused by larger calibre instruments, in this case a ureteric access sheath. The stones were in a calyceal 
diverticulum, shown in axial (a) and coronal (b) CT images, such that a ureteric access sheath was inserted (c) to 
facilitate irrigation and drainage, thereby improving the endoscopic view. The ureter was tight, precluding 
advancement of the ureterorenoscope to the kidney. (d) Contrast injected via the scope (intended to show the 
path of the ureter to the renal pelvis) demonstrated extravasation medially (e, white arrows) and then 
expanding across or down the retroperitoneum (f, white arrows). A JJ stent was placed, and easier access 
achieved subsequently — the access sheath is shown in (g), allowing the ureterorenoscope to reach the 
interpole of the left kidney (h). The stones are visible as a filling-defect (i, white arrow) which is no longer seen 
after the diverticulum has been identified with a guide wire (j, black arrow) and the ureterorenoscope then 
passed into this after widening the neck of the diverticulum with a laser, and fragmenting or retrieving the 
stones. Follow-up US shows good renal parenchyma no hydronephrosis or stone recurrence (k). The MAG3 
renogram showed normal split function with a ‘dilated-unobstructed’ appearance to the drainage curves (the 


left kidney is represented by the black line in I). 


45 


46 


Radiology and Follow-up of Urologic Surgery 


sessions and/or not achieve stone clear- 
ance and PCNL would require two or more 
punctures. 

For stones in multiple locations within the 
kidney, particularly in larger volume burdens, 
a stone-free rate of 64.7% after one procedure 
rising to 92.2% after two procedures can be 
achieved. Patients with a total stone burden 
<20 mm were 100% stone free, compared to 
85.1% in patients with >20 mm [21]. 

Similarly, patients with bilateral stones 
can be treated simultaneously with FURS, 
starting with the symptomatic side, or the 
side with the greater stone burden if asymp- 
tomatic. In findings similar to the data 
above, the stone-free rate was 100% for a 
stone burden <25 mm and 80% for a stone 
burden >25 mm. If a bilateral procedure is 
performed, then at least one JJ stent will be 
needed to avoid the potential for postopera- 
tive anuric renal failure requiring emergency 
stent insertion subsequently [22]. Stents are 
also required for any unexpected intraopera- 
tive issue, including the risk of postoperative 
infection, to maintain ureteric drainage 


Figure 3.8 Upper calyceal wire 
perforation. These images show 
an upper pole wire perforation 
(a, arrow) evident beyond the 
contrast in the upper calyces on 
fluoroscopy (a) and endoscopic 
view (b). When the wire was 
withdrawn under vision, a small 
blood clot formed at the site of 
the perforation (d, arrows), such 
that there was no contrast 
extravasation into the renal 
parenchyma or around the renal 
capsule (c). 


and thereby provide a more predictable 
postoperative course (Figures 3.8 and 3.9). 
Unlike ESWL, in which stone-free rates 
are cumulatively adversely affected if 
the infundibulo-pelvic angle is less than 
90 degrees, or its length and width >3 cm or 
<5 mm, respectively, successful stone clear- 
ance by FURS is possible even if two of these 
factors are unfavourable (although it may be 
sensible to relocate the stones into a more 
suitable location within the kidney for laser 
treatment and/or stone fragment extraction). 
If all three factors are unfavourable, a percu- 
taneous approach may be preferable [23]. 


Percutaneous Surgery 


The finding that stone clearance rates 
decrease for both ESWL and FURS for 
stones >15 mm has been confirmed by a 
systematic review comparing ESWL, FURS 
and PCNL for the treatment of <20 mm 
lower pole stones in adults (7 RCTs involving 
691 patients) comparing stone-free rate at 3 
months or less. It confirmed a higher chance 
of clearance by PCNL (risk ratio 2.04; 95% 


Figure 3.9 These images show the potential 
for more adverse consequences from a 
parenchymal wire perforation than 
demonstrated in Figure 3.8. In this case, the 
safety wire and working wires are seen in the 
upper calyx (a), following which an access 
sheath (b, white arrow) has been advanced 
over the hydrophilic-tipped wire (b, black 
arrow), which can be seen to coil safely back 
towards the renal pelvis. The other wire 

(a standard PTFE wire) has continued beyond 
its original position as the sheath was 
advanced (b, arrowhead). This wire shows a 
kink (c, arrowhead) and can be seen to extend 
beyond the collecting system when contrast 
is instilled via the ureterorenoscope 

(d, arrowhead). This is confirmed by direct 
visualisation with the ureterorenoscope in the 
relevant calyx (e), leaving the perforating wire 
in situ whilst the procedure is completed (f). 
In this case, when the perforating wire was 
withdrawn, the collecting system rapidly 
filled with blood (g, arrowheads) and 
demonstrated a subcapsular collection of 
contrast on the final image with a JJ stent in 
situ (h, arrowheads). A second ‘re-look’ 
procedure subsequently showed a normal 
collecting system, with no residual blood clot 
and no ongoing contrast leak. 


CI 1.50-2.77) over ESWL and FURS (risk 
ratio 1.31; 95% CI 1.08-1.59) over ESWL. 
However, the benefit was ‘markedly less 
for <10 mm stones’, suggesting that ESWL 
should still be the first line treatment for 
smaller renal stones [24]. 

Similar findings were published in two 
additional meta-analyses by Lee et al. [25] 
and Srisubat et al. [26]. In the former, PCNL 
and ureterorenoscopy were more effective 
than ESWL therapy alone for lower pole 
stones (risk ratio of being stone free for 
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PCNL was 2.19 and for FURS was 1.23). 
However, ESWL can be made more effective 
with adjunctive manoeuvres such as diuresis 
and inversion, improving its risk ratio to 1.30 
over ESWL alone [25]. In the latter study, a 
Cochrane review of ESWL vs PCNL vs FURS 
for kidney stones (five RCTs comprising 338 
patients, four studies compared ESWL with 
PCNL and one compared ESWL with FURS), 
ESWL was shown to be less effective than 
PCNL but not significantly different from 
FURS, but with a shorter hospital stay and 
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duration of treatment with ESWL. However, 
ESWL is nine times more likely to require 
additional (‘auxiliary’) procedures than FURS 
or PCNL [26]. 

Data from the CROES Global PCNL 
Study showed that ultrasound-guided access 
reduces puncture time and radiation expo- 
sure. The likelihood of postoperative fever 
was 10.5% (antibiotic prophylaxis gives a 
threefold lower postoperative fever rate) 
and the overall risk of bleeding was directly 
related to the size of the dilatation with 
larger calibre access having a higher chance 
of bleeding, hence the current trend towards 
smaller tracks for PCNL (Figure 3.10). How- 
ever, even small tracks can damage adjacent 
structures with a small incidence of punc- 
turing the thorax (Figure 3.11). This study 
demonstrated that complications were more 
likely in patients with severe chronic kidney 
disease, those with a solitary kidney (who 
have a tendency to a reduced stone-free 
rate and more bleeding) and in elderly 
patients. Obese patients have a similar out- 
come to the general population, although 
the ‘super-obese (BMI >40)’ have a higher 
chance of more severe complications [27]. 

Staghorn stones represent a particu- 
lar challenge, both for intervention and 
conservative management. The latter has 
been known for at least 50 years to carry 
a high risk of death or renal failure and 
should only be considered in patients with 
extensive co-morbidity, otherwise stone 
treatment should be attempted. Whilst 
surgery on staghorn calculi is often difficult 
and complete eradication of the stone can 
be impossible, even if only the renal pelvis 
is cleared, the renal-related mortality is 
reduced to only 3% [28, 29]. 

Following PCNL, the question of tube 
drainage of the kidney remains an important 
decision. A nephrostomy is indicated for 
significant blood loss, urine extravasation, 
ureteric obstruction and risk of sepsis sec- 
ondary to infected stones and is sensible 
following surgery on a solitary kidney. It 
is also valuable in patients who may have 
residual stones, and who might benefit 


from a ‘second look’ procedure using the 
nephrostomy tract to regain renal access for 
the additional stone(s) to be removed. In 
patients with normal renal function, a single 
tract procedure, complete stone clearance 
and minimal bleeding, omitting a nephros- 
tomy gives less postoperative pain and a 
shorter hospital stay [30]. 


Complications and Follow-up 


It will be seen from the above data that com- 
plications, including failure to achieve stone 
clearance, can be minimised by good training 
and proper selection of procedures: matching 
the surgeon and procedure to the patient and 
the stone. Not all stones need to be treated, 
but those that do should have the right pro- 
cedure in a timely manner. 

Follow-up after stone treatment is needed 
to assess for the presence of any residual frag- 
ments (RF) that remain after intervention 
(and to determine whether observation or 
further active treatment is required), and to 
identify future issues such as recurrent stone 
formation and silent obstruction (either as a 
consequence of instrumentation or recurrent 
stone formation). In this regard, attention 
to the imaging modality used is important, 
to reduce the risk of excessive radiation 
exposure. 


Residual Fragments After ESWL, URS, FURS 
and PCNL 


As far as post ESWL fragments are con- 
cerned, the natural history for those <4 mm 
is that 33% of patients become stone free, 
29% have stable stones and in 37% they 
grow after a median follow-up of 40 months. 
More than 20% of patients need an aux- 
iliary treatment, the majority of which is 
further ESWL [31]. With fragments <4 mm, 
and a mean follow-up 4.9 years, 78.6% pass 
spontaneously in few weeks, leaving 21.4% 
of patients who have regrowth of stones 
requiring further treatment [32]. 

More recent data have shown that, in 
patients with residual fragments after ESWL 
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Figure 3.10 Percutaneous nephrolithotomy (PCNL) complicated by bleeding requiring embolisation. These 
images show a large stone in the left renal pelvis on a coronal CT image (a, arrow), for which a PCNL was 
performed. The stone is visible (b, white arrow) with a ureteric catheter in position (b, black arrow) in the prone 
position. Following opacification with contrast, in which the stone is still just visible (c, white arrow) a lower 
pole puncture (c, black arrow) was performed, with a 30-Fr track via which the stone was fragmented and 
cleared (d). A nephrostomy was placed postoperatively, with brisk bleeding when it was removed; it was 
replaced for tamponade and a nephrostogram performed which showed filling defects consistent with blood 
clots in the renal pelvis and down the ureter (e, arrows). 

An angiogram via a selective arterial catheter (f, black arrow) showed a pseudo-aneurysm as the cause of the 
bleeding (f, white arrow). Embolisation coils are shown (g, arrow) with no further bleeding into the 
pseudo-aneurysm (h). The last image in this sequence shows contrast in the lower calyx (i, arrow). 

The embolisation coils are seen on the axial (j, arrow) and coronal (k, arrow) CT images, performed more than 
5 years later, with associated ‘beam hardening artefact’ and new stone formation (k,l, arrowheads). The stone 
(k, white arrow) was identified with a flexible ureterorenoscope (m) at which it was evident that the stone had 
formed on embolisation coils (n, arrows) that had eroded through to the tip of the papilla (onto which the 
original puncture had been made). The stone was cleared by laser fragmentation (o, arrow) leaving a denuded 
area with some subepithelial coil still visible where the stone had been attached (p). 
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Figure 3.11 PCNL 
complicated by urothorax 
requiring chest drain. These 
images show a patient 
undergoing a PCNL (prone) 
for a collection of faintly 
Opaque stones (a, arrows) 
with a ureteric catheter in 
position (a, black arrow) that 
demonstrates multiple 
stones as filling defects in 
the renal pelvis and all 
calyces after contrast is 
instilled into the collecting 
system (b, arrows). 

A needle puncture and 
antegrade wire is inserted 
into the posterior upper 
pole calyx (c, arrow), noting 
the presence of a short 
twelfth rib (c, arrowheads). 
A suitable track was dilated 
and secured with an 
Amplatz® sheath (d, 
arrowheads) and a flexible 
nephroscopy (d, white 
arrow) also passed to 
minimise the risk of a 
residual stone. A 
nephrostomy was placed 
postoperatively (not shown), 
with upper abdominal pain 
and shortness of breath 
shortly after it was removed. 
The CT images show a 
hydrothorax (arrow) in axial 
(e) and coronal images 

(f) which resolved rapidly on 
the insertion of a coiled 
chest drain. The final image 
shows the drain in situ 

(g, arrowheads) with good 
clearance of the fluid, such 
that the costo-phrenic angle 
was visible on chest X-ray 
(g, arrow) before the drain 
was uneventfully removed. 


stratified by stone size, by 3-month follow-up 
52% of fragments >4 mm had passed spon- 
taneously (associated with an accident and 
emergency department (A&E) visit in about 
half of the patients), compared with 76% 
passage for fragments 2-4 mm (with an 
A&E visit in approximately 20%), with 100% 
spontaneous passage for fragments <2 mm 
(with no A&E visits) [33]. 

Broadly similar data are seen with RFs 
<4 mm following URS, in which 58.7% 
remained asymptomatic (stable size), 21.7% 
had spontaneous passage and 19.6% had 
a ‘stone event’ (A&E visit or admitted for 
additional intervention) [34]. 

In a retrospective analysis of PCNLs per- 
formed in 2469 patients, RFs were found 
in 7.6%, of which the majority was in the 
lower calix (57.7%), with a mean area of 38.6 
+ 52 mm?. Overall, approximately half of 
them passed spontaneously, approximately 
two-thirds within the first 3 months. Stones 
<25 mm? that were located in the renal 
pelvis had the highest chance of spontaneous 
passage [35]. 

Raman et al. [36] followed patients with 
residual fragments (the median size was 
2 mm with a range of 1-12 mm) diagnosed 
on post PCNL CT. 43% of patients had a 
‘stone-related event’ (growth of a residual 
fragment, symptoms requiring an emergency 
attendance, hospitalisation or additional 
intervention) after a median follow-up of 
32 months. The need for intervention was 
predicted by fragments in the renal pelvis or 
ureter, maximum residual fragment >2 mm 
and a high cumulative residual fragment size. 
Overall, 40% of patients with RFs became 
symptomatic, of whom 40% needed inter- 
vention, with 67% of patients with fragments 
>4 mm becoming symptomatic, of whom 
100% needed intervention [36]. 

The same group made a further analysis, 
based on a cost comparison between an 
immediate second look flexible nephroscopy 
(via the existing PCNL tract) against expec- 
tant management. Because of the increased 
likelihood of symptomatic treatment or fur- 
ther intervention for stones >4 mm, they 
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showed that the average cost of expectant 
management was $1743 for stones <4 mm, 
compared with $4674 for >4 mm. The addi- 
tional cost of a second look was $2475, hence 
a cost advantage for second look procedure 
for RFs >4 mm [37]. 

Patients who have embarked on surgery 
for their stones have a vested interest in 
achieving clearance. As it is a more invasive 
treatment, any consequences of RFs after 
PCNL may be considered more important, 
because the patient’s ‘investment’ to become 
stone free is greater. Obstructing fragments 
require immediate treatment. Whatever the 
initial modality of treatment, fragments of 
<2 mm are likely to pass with little or no 
pain. Larger stones, especially within calyces 
are less likely to pass and more likely to cause 
symptoms. 

If fragments remain at 3 months’ follow-up, 
the patient and surgeon must define for how 
much longer expectant management can 
continue. The longer it goes on, the more 
expensive it becomes and the higher the 
likelihood of enlargement and symptoms. 

Specific recommendations for the timing 
of follow-up, with what imaging and for 
what duration before discharging patients 
from review are difficult owing to the mul- 
tifactorial nature of stone formation and 
recurrence. There is also a spectrum of med- 
ical complexity in patients, from those in the 
prime of life who are perfectly fit and well, 
to those with spina bifida with urinary diver- 
sions for intractable bladder complications 
(perhaps with a solitary kidney). 

Stratification of risk is therefore an essen- 
tial component of follow-up strategy, which 
begins with the stone analysis and a sim- 
ple metabolic screen (serum calcium, uric 
acid, creatinine and estimated glomeru- 
lar filtration rate). It also includes specific 
urological anatomical risk factors (e.g. horse- 
shoe kidney, urinary diversion, medullary 
sponge kidney) and medical risk factors (e.g. 
hyperparathyroidism, metabolic syndrome, 
inflammatory bowel disease) (Table 3.2) [38]. 

The following suggestions are made based 
on our practice in the stone/endourology 
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Table 3.2 Risk factors for recurrent stone disease. 


Stone Genetics Anatomy Medical conditions Prior history 
Pure calcium Primary Calyceal Hyperparathyroidism Bilateral stones 
oxalate hyperoxaluria diverticulum 
Pure calcium Renal tubular Medullary sponge Gastrointestinal Previous rapid 
phosphate acidosis kidney diseases (jejuno-ileal stone recurrence 
(especially bypass, intestinal (e.g. two stone 
brushite — calcium resection, Crohn’s episodes in 2 years 
phosphate disease, or three in 5 years) 
mono-hydrate) malabsorptive 
conditions, enteric 
hyperoxaluria after 
urinary diversion) 
Cystine stone Cystinuria Ureteral stricture or Sarcoidosis Solitary kidney 
ureterocoele (does not change 
risk but increases 
consequences of 
recurrence) 
Struvite stone Horseshoe kidney Nephrocalcinosis Strong family 
history 


Uric acid stone 


PUJ obstruction 


Metabolic syndrome Early age of stone 


formation 


PUJ, pelviureteric junction. 


Source: Derived from EAU guidelines and authors’ practice [43]. 


unit at University College Hospitals, Lon- 
don: a post-treatment follow-up to assess 
for the presence of residual fragments is 
arranged at 6 weeks, using US which pro- 
vides more information than plain X-ray (i.e. 
whether there is hydronephrosis suggesting 
‘silent obstruction’). The strategy for further 
follow-up then depends on the size of resid- 
ual fragments; a simple summary is shown in 
Figure 3.12. 

In general, any stone fragments identified 
after treatment will behave in the same fash- 
ion regardless of the energy source and mode 
of delivery that created them, and may pass 
spontaneously (perhaps with an episode of 
ureteric colic) or remain in situ, where they 
may cause local discomfort or remain asymp- 
tomatic. The latter group needs follow-up to 
assess for enlargement of the residual stone 
despite the absence of discomfort, because 
size is the key determinant for choice of treat- 
ment within the kidney, such that ESWL is 
less likely to be chosen once the stone’s maxi- 
mum diameter has exceeded 10 mm. Patients 


who still have symptoms at follow-up should 
have their stones treated actively, for which 
the modality is likely to depend on the initial 
treatment strategy. In particular, if a patient 
has already had three sessions of ESWL, 
but still has a stone, the next step is likely 
to be a ‘salvage’ ureterorenoscopy. However, 
if the initial treatment was either FURS or 
PCNL, with a residual stone <10 mm, the 
rescue option is likely to be ESWL to achieve 
clearance without further surgery, although 
the endourological options should also be 
discussed. 

If the patient is stone free at follow-up, 
a further review, with timescale adjusted 
according to the perceived risk of recurrence, 
would be arranged with KUB US approx- 
imately 6-12 months later. At this time, if 
there has been no recurrence patients can 
be discharged, or if a concern about recur- 
rence remains, they can be followed up at 
an increasing time interval. If symptoms 
occur, the patient should have a route of 
access between appointments for urgent 
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Observe for Further US 
spontaneous 6 months 
Further US Further US passage or (growing) Treat stones 
6-12 months 6-12 months treat stones or ESWL or 
ESWL or preventative endo-urology 
endo-urology treatment 


Figure 3.12 A strategy for follow-up after intervention for stone treatment. 


reassessment and treatment if needed. In 
this case, a CT KUB is likely to be the key 
investigation, either to reassure the patient if 
‘all clear’ or to plan treatment according to 
the size, location and Hounsfield unit density 
of any stones found. 

Patients who are at high risk should have 
closer follow-up, and those with significant 
medical complexity should have a lower 
threshold for CT follow-up; it is more impor- 
tant to be certain of the stone status in these 
patients, and there is likely to be less risk of 
consequence from low dose CT protocols 
given their co-morbidity. CT is also useful 
when there is an ‘US—patient mismatch’ (i.e. 
no abnormality on US but the patient is 
symptomatic) or after a long follow-up inter- 
val to re-establish the exact stone burden. 
CT should also be considered before invasive 
interventions are planned for stones identi- 
fied on US alone, because US has a tendency 
to overestimate stone size and therefore the 
treatment proposed may be more invasive 
than necessary [39]. 


Radiation Exposure for Patients with Stones 


Patients with nephrolithiasis are at risk 
from radiation exposure, from their ini- 
tial diagnostic imaging through the use 


of fluoroscopy during treatment, and 
during follow-up (from the surveillance 
imaging itself and from any additional 
radiation-based imaging required for the 
management of recurrent stones). This has 
become a particular issue because unen- 
hanced CT has established itself as the ‘test 
of choice’ for the most accurate evaluation of 
stone disease [40]. 

In a 1-year follow-up study of patients 
after an acute stone episode, the median 
total effective radiation dose per patient was 
29.7 mSv (interquartile range, IQR 24.2—45.1), 
with 20% receiving a total radiation dose 
>50 mSv (the recommended yearly dose 
limit for occupational exposure by the 
International Commission on Radiological 
Protection) [41]. Similar first-year expo- 
sure was reported by Fahmy et al. (29.3 
mSv), which decreased to 8.04 mSv (range 
1.4—24.72) in the second year, with none 
exceeding 50 mSv, because of fewer CT scans 
and more US imaging during the second year 
[42]. In these studies, the radiation dose did 
not correlate with stone factors (composi- 
tion, location or number), patient factors 
(age and sex) or the surgical intervention 
performed [41, 42]. In order to minimise 
the radiation dose, the ALARA (‘as low as 
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reasonably achievable’) principle of radiation 
exposure should be followed during inter- 
vention using fluoroscopy, particularly in 
patients undergoing PCNL, who receive an 
equal or greater amount of radiation during 
the intervention than during the diagnostic 
CT beforehand. In this regard, risk factors 
for increased exposure during PCNL include 
obesity and a larger stone burden, especially 
if multiple tracts are used [43]. 

During ureteroscopy, the fluoroscopic dose 
is approximately the same as a plain X-ray. 
Risk factors for increased exposure during 
ureteroscopy include obesity and perform- 
ing a ureteric dilatation. Fluoroscopy time 
during ureteroscopy may be decreased by 
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Pelvi-ureteric Junction Reconstruction 
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Introduction 


Pelvi-ureteric junction obstruction (PUJO) is 
defined as the impairment of urinary trans- 
port from the renal pelvis to the upper ureter. 
Most cases are congenital in origin such 
as the presence of an aperistaltic segment, 
true ureteric stricture or the presence of 
mucosal infolding. However, acquired condi- 
tions such as inflammation, stone disease or 
urothelial malignancy can result in a similar 
picture [1]. An extrinsic compression caused 
by an aberrant segmental vessel has recently 
received much attention as a common cause 
of PUJO [2]. 


Antenatal Hydronephrosis 


The advent of antenatal ultrasound (US) 
scanning has led to early diagnosis of the 
condition. However, mild to moderate 
hydronephrosis is a common finding in the 
fetus and may not imply any pathological 
features. The natural history of the disease 
remains uncertain. It can prove difficult 
to distinguish the baby who will have pro- 
gressive disease because of true obstruction 
from those who have a variation of normal 
appearance that will resolve or remain stable. 

The majority of infants with antena- 
tally diagnosed PUJO are asymptomatic 
and the indications for surgical correction 


remain controversial [3]. The main objective 
of management is preservation of renal 
function [4]. Asymptomatic infants with 
stable renal function can be managed con- 
servatively. Dhillon et al. [5] have reported on 
the Great Ormond Street Hospital (GOSH) 
experience of conservative management 
of antenatally detected PUJO. More than 
half of the patients with dilated kidneys 
remained stable, one-quarter improved and 
17% required surgery. They suggested that 
the measurement of the anterior—posterior 
(AP) diameter is a significant predictor for 
functional impairment. Overall, kidneys 
with AP diameter >15 mm are more likely to 
progress and require surgical correction [6]. 

Heinlen et al. [4] reported on the 
intermediate-term effect of surgical and 
non-surgical treatment of PUJO in babies. 
They retrospectively analysed 243 patients 
with grade 3-4 hydronephrosis on a post- 
natal US scan (Society of Fetal Urology 
[SFU] grading). Overall, 48% were found 
to have obstruction on renogram. Grade of 
hydronephrosis with parenchymal thinning 
on ultrasonography and renal function on 
the renogram determined whether patients 
would undergo immediate pyeloplasty, 
pyeloplasty after a period of observation, or 
observation only. The mean follow-up period 
was 24 months (3—69 months). In the pyelo- 
plasty group (both immediate and delayed), 
there was a significant improvement in the 
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differential renal function. In the observation 
group, the differential renal function stayed 
stable throughout the follow-up period. In 
all groups, the degree of hydronephrosis 
had significantly improved by at least one 
grade. 

Recently, there have been concerns about 
loss of relative function during conserva- 
tive management. Babu et al. [7] compared 
the functional outcome 1 year following 
immediate versus delayed pyeloplasty in 
patients with antenatally diagnosed unilat- 
eral PUJO. Criteria that were used to define 
significant obstruction included deterio- 
ration in split renal function of more than 
10%, urine infection or pain. In the delayed 
pyeloplasty group, 80% suffered loss of split 
function during a mean follow-up period of 
12 months. Delayed surgery was associated 
with a marginal improvement in split renal 
function postoperatively but not to baseline 
levels. Immediate pyeloplasty resulted in a 
significant improvement in renal function. 

In a systematic review of functional out- 
comes of pyeloplasty in children, it was 
demonstrated that pyeloplasty is followed 
by improvement in hydronephrosis and 
urinary excretion pattern in up to 95% of 
patients. However, recovery of renal function 
was much more variable [8]. Babies with 
initial differential renal function of less than 
40% and especially those between 30% and 
39% are likely to gain 5-10% (H.K. Dhillon, 
personal communication 2016, unpublished 
data quoted with permission). 

On GOSH data, about half of all babies 
managed conservatively will have complete 
resolution of hydronephrosis. Twenty per 
cent of babies have hydronephrosis that does 
not resolve but have no evidence of obstruc- 
tion and have stable renal function. There 
is complete follow-up on these patients 
to 16 years, and in some cases up to 28 
years, without any change (H.K. Dhillon, 
personal communication 2016, unpublished 
data quoted with permission). Both of these 
groups should be considered as having a 
variation of normal that does not require 
surgery. 


Pathophysiological Effect 
of True Pelvi-ureteric 
Obstruction 


Two distinct histological features of congen- 
ital PUJO were described by Hanna et al. 
[9]: excessive collagenosis and compromised 
muscle cells. In a more recent study, five 
histological features were described: nor- 
mal tissue, chronic inflammatory response, 
smooth muscle hypertrophy, smooth muscle 
atrophy and fibrosis [2]. Normal ureteric tis- 
sue was found in 33% of specimens and was 
more prominent in the specimens with cross- 
ing vessels. Snooth muscle hypertrophy was 
found in 15% and smooth muscular atrophy 
in 28%. Chronic inflammation and fibrosis 
were identified in 37% and 28%, respectively. 

Lennon et al. [10] investigated the patho- 
physiological effects of ureteric obstruction. 
They created an in vivo model of complete 
and partial ureteric obstruction in dogs. 
Complete ureteric obstruction resulted 
in total loss of peristaltic movement and 
was associated with a significant rise in 
intrarenal and intraureteric pressures. Fol- 
lowing relief of obstruction, the contractility 
pattern returned to baseline but pressure 
remained high. Partial ureteric obstruc- 
tion was associated with an increase in 
the contractility amplitude and intrarenal 
pressure. Eight weeks following the relief of 
partial obstruction, increased contractility 
persisted. Renal blood flow increased after 
ureteric obstruction as a result of decrease 
in the afferent arteriolar vascular resistance. 
If obstruction persisted, renal blood flow 
decreased to 50% of baseline because of an 
increase in the afferent arteriolar resistance 
[11]. Glomerular filtration rate (GFR) was 
initially maintained at 80% of the normal 
level because of a rise in glomerular filtration 
pressure and glomerular plasma flow. After 
24 hours, GFR was reduced to approximately 
30% of the normal level secondary to afferent 
arteriolar vasoconstriction [12]. 

Rise in the intrarenal pressure and 
impaired ureteric contractility leads to 


urinary pooling giving rise to hydronephro- 
sis. Intratubular urinary pooling causes 
desquamation and mechanical injury of 
the tubular epithelium. The final result is 
the induction of pro-inflammatory and 
pro-fibrotic reaction leading to tubulointer- 
stitial fibrosis and decreased function [13]. 


Physiological and Anatomical 
Changes in the Kidney 
Following Pyeloplasty 


The natural history of PUJO is not clearly 
defined. Therefore it is difficult to determine 
which patients will obtain functional benefit 
from surgical correction. Pyeloplasty is asso- 
ciated with a greater than 95% success rate 
in relieving the symptoms in those patients 
who are symptomatic and in preserving renal 
function [14]. Various radiological modali- 
ties have been used post-pyeloplasty, such as 
US, intravenous pyelogram, CT scan, MAG3 
renography and dynamic contrast enhanced 
magnetic resonance urography (Figures 4.1, 
4.2 and 4.3). Serial US and MAG3 renogram 
are the most commonly used methods to 
assess the renal unit post pyeloplasty. Surgi- 
cal success is based on US improvement of 


Figure 4.1 Ultrasound 
(US) showing the classic 
appearance of the kidney 

with pelvi-ureteric J 
obstruction (PUJO). The 
calyces are dilated and 
the parenchyma thinned. 
PUJO cannot be 
diagnosed from this 
image alone; 
non-visualisation of the 
ureter would make it a 
likely diagnosis. 
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pyelocaliectasis and improved drainage on 
diuretic renography; in addition to recov- 
ery of split renal function and improved 
symptoms. 

Amling [15] has studied the long-term 
renal US changes after pyeloplasty in chil- 
dren with PUJO. US scans were the same or 
worse than pre-operative ones during the 
first month following treatment in 92% of 
children. At 6 months, 38% had improved. 
It took 2 years for the pyelocaliectasis to 
improve in 81% of patients. Ultimately, only 9 
of 47 kidneys achieved grade 0 or 1 dilatation 
(19%) from the grade 3 or 4 that they were 
pre-operatively (SFU grading) despite reno- 
graphic confirmation of relief of obstruction. 
The degree of resolution of hydronephrosis 
was not related to the pre-operative grade of 
hydronephrosis [15]. Tapia and Gonzalez [16] 
have described a reduction in the grade of 
hydronephrosis in 95% of renal units at 6-12 
months. Another study noted an improved 
or stable hydronephrosis on 3-month post- 
operative scan [17]. The routine use of JJ stent 
post pyeloplasty has resulted in improved 
hydronephrosis in 90% of patients at 1 year 
follow-up [18]. Overall, pyeloplasty is asso- 
ciated with US downgrading in the level of 
hydronephrosis in almost all patients [18]. 
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Figure 4.2 (a) CT scan of an adult with left PUJ obstruction (arrow). The renal pelvis is greatly dilated and 
cortical enhancement delayed. Although this woman had typical obstructive symptoms confirmed on MAG3, 
the parenchyma is well preserved. (b) CT of the same patient after Anderson—Hynes pyeloplasty. The renal 
pelvis (arrow) is now of almost normal size, no calyces are visible and the enhancement is symmetrical. 


There is not necessarily a direct corre- 
lation between improved US features post 
pyeloplasty and improved renal function. 
The majority of patients with improved 
hydronephrosis post pyeloplasty will have 
stable function on MAG3 renogram but 
few will have improved function as judged 
by GFR [17]. Interestingly, the maximum 
concentrating ability, which is impaired 
pre-operatively, improves postoperatively in 
all patients but not to normal levels [19]. 

Pre-operative renography is essential to 
confirm the diagnosis and to assess residual 
renal function. Whether the kidney will 
recover or retain its pre-operative function 
may have more to do with the pre-operative 
renal function than the renogram findings 
[17]. The role of MAG3 renogram post 
pyeloplasty follow-up has been a matter of 
debate. Almodhen et al. [20] showed that 
post-pyeloplasty diuretic renography consis- 
tently showed improved drainage. Patients 
with pre-operative split function of less than 
45% demonstrated functional improvement 
of more than 5% by postoperative renogra- 
phy. Delayed pyeloplasty following a period 
of observation had a negative impact on split 
renal function [21]. 

Historically, serial diuretic renography 
has been used for long-term postoperative 


follow-up. However, it has been clearly 
shown that it is unnecessary if the initial 
postoperative renogram is non-obstructive 
[22-24]. Recent literature has questioned 
whether even the initial postoperative 
renogram should be routinely performed 
[20]. It has also been shown that a postoper- 
ative renogram is not needed in patients in 
whom postoperative US revealed improved 
hydronephrosis. There is only a 2% chance of 
having postoperative obstructive renography 
if there is an improvement on US. However, 
even these were transient and improved with 
time [20]. 

Magnetic resonance urography (MRU) 
has been used to evaluate the anatomy and 
function of the renal unit post pyeloplasty. 
MRU was performed pre- and 4 weeks post 
pyeloplasty. Renal length, renal transit time, 
renal pelvis AP diameter, differential renal 
function and single kidney GFR index were 
calculated [25]. Decreased enhancement, 
delayed contrast material excretion, swirling 
contrast medium and contrast urine fluid 
level in the renal pelvis are signs of obstruc- 
tion. Postoperatively, the mean AP diameter, 
differential function and single kidney GFR 
had all significantly improved. Renal transit 
time showed a significant drop from 16.2 to 
8.6 minutes. MRU provides higher quality 


MAG3 diuretic 
renogram of a patient with right 
PUJO (a) before and (b) after 
pyeloplasty. The continuously 
rising curve in the pre-operative 
picture (ringed) is characteristic of 
obstruction. The static images 
show prolonged retention of 
isotope to the end of the study. 
Postoperatively, the right renal 
curve is concave. The static 
images still show slower clearance 
than on the left but improved. 
Even with complete removal of 
obstruction, isotope clearance is 
seldom as rapid as on the normal 
side. 


anatomical and functional information to 
evaluate patients post pyeloplasty; however, 
higher cost than US and MAG3 renogram 
remains a major obstacle and it is not 


necessary for routine use. 


minu 
11-2 


1-8 min 


A number of PUJO cases are clinically silent 
in childhood and manifest symptoms in 
adults. Some can be an incidental finding on 
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routine imaging. The cause of PUJO detected 
in adulthood is poorly understood. Consid- 
ering the embryological cause of PUJO, it 
remains unclear how the kidney survived 
obstruction over years without losing func- 
tion. It is also difficult to understand how 
the patient remains asymptomatic with an 
obstructed kidney. This could be because of 
intermittent or incomplete obstruction that 
preserved the kidney function and hence 
an asymptomatic patient. The change in 
the peristaltic pattern found in the par- 
tially obstructed dog ureter during induced 
dieresis could be a cause if applicable to 
humans. The contractions are of higher than 
normal pressure (although lower than at 
normal urine flow rates), are of significantly 
longer duration and irregular in frequency 
[10]. The ‘binge’ drinking associated with 
young adulthood might change a low grade 
but safe obstruction into a significant and 
intermittently symptomatic one. 

Many patients present with vague inter- 
mittent symptoms and may undergo several 
tests with inconclusive results. There are very 
few reports of long-term follow-up of asymp- 
tomatic adults with PUJO, mainly because 
of the reluctance of asymptomatic patients 
to undergo physiological and radiological 
investigations. 

Kinn [26] has reported on the long-term 
follow-up of hydronephrosis caused by 
PUJO in patients who are managed with 
pyeloplasty or conservative management. 
Out of 83 patients, 36 were managed conser- 
vatively for a mean follow-up of 17 years. In 
the absence of infection or stone formation, 
PUJO followed a benign course with no 
need for surgical intervention. The study 
revealed that recurrent flank pain was the 
best indicator of the need for surgery. 

The symptomatic patient with an equivocal 
MAG3 renogram represents a challenging 
clinical scenario. In a retrospective study, 23 
patients with variable flank symptoms were 
found to have equivocal diuretic renograms 
defined as a half-life of less than 20 minutes. 
Minimally invasive pyeloplasty provided 
symptomatic relief in 22 [27]. 


In conclusion, if the patient is asymp- 
tomatic with stable overall and split renal 
function, conservative management with 
serial imaging may be appropriate. The indi- 
cations of intervention for PUJO detected 
later in life include symptoms, impaired 
renal function and the development of renal 
stones or recurrent infection. If we look at 
the trends in management of adults with 
PUJO, most patients will undergo minimally 
invasive pyeloplasty and this explains the 
scarcity of literature on the long-term out- 
come of conservative management of PUJO 
in adults [28]. 


Long-term Follow-up 


There are no guidelines on the best follow-up 
protocol for patients after pyeloplasty. Sev- 
eral regimes have been reported based on the 
‘expert opinion’ of the authors [22, 29-31]. 
None have high level evidence to support 
them and all seem to be unnecessarily 
intense. 

The aims are slightly different for children 
and adults. However, in both there is ample 
evidence that a successful pyeloplasty is a 
cure for obstruction at the pelvi-ureteric 
junction. The only question, therefore, is 
what constitutes success? It should be clear 
from the outcomes already discussed that 
elimination of symptoms is the best marker 
of success. As an objective measure, any 
improvement in the degree of dilatation 
of the calyces on ultrasound indicates that 
obstruction has been relieved. As the dilata- 
tion at 3 months is likely to be unchanged or 
worse, the first ultrasound should be carried 
out at 6 months. It should be repeated at 
6-monthly intervals until there is improve- 
ment. MAG3 renogram should only be car- 
ried out for symptoms or failure to improve 
after 2 years. As pyeloplasty produces no sig- 
nificant improvement in renal function, there 
is no point in measuring serum creatinine 
unless the condition is bilateral. In patients 
operated in childhood, the cure is maintained 
at least up to 5.5 years and to 18 years in those 


diagnosed antenatally, follow-up that seems 
long enough to be definitive [32]. Overall 
obstruction recurred 8 years postoperatively 
in 0.8% [22]. Although bizarre case reports 
can be found in the literature, there are no 
long-term complications directly related to 
PUJO repair except where there has been 
such severe damage that renal failure ensues. 

Children often are asymptomatic, espe- 
cially when diagnosed in utero, and the aim 
of follow-up is to exclude persistent silent 
obstruction that damages the kidney. There- 
fore, more intensive long-term follow-up in 
the paediatric group may be justified. How- 
ever, it must also be noted that follow-up of 
any patient, but especially children, gener- 
ates its own problems. The implication is that 
there is a ‘disease’ or that one might develop 
in the future. This is a cause of anxiety for the 
family. In adult life it may cause social prob- 
lems such as loading of insurance premiums 
because the patient has not had a ‘curative’ 
procedure [33]. 

Several clinical units have guidelines 
for the follow-up of antenatally diagnosed 
hydronephrosis with a normal ureter. The 
most comprehensive at present is from 
the National Center for Biotechnological 
Information (NCBI) [34]. Unfortunately, the 
recommendations on cessation of follow-up 
are incomplete. After delivery, the first reli- 
able US is at 4-6 weeks (before that time 
relative dehydration may obscure significant 
dilatation). If this examination is normal, the 
baby should be discharged. In these guide- 
lines, the finding of an AP diameter >10 mm 
is an indication for renogram. Obstructed 
drainage and differential function of the 
affected kidney below 35-40% is an indi- 
cation for surgery. The operation should be 
curative and the baby can then be discharged 
as with symptomatic PUJO. 

Between these two extremes there are 
children whose dilatation will completely 
resolve or at least remain stable, and others 
who whose kidney will slowly deteriorate 
and require later surgery. On SFU criteria, 
at least 90% of those with grade 1 disease 
will resolve and virtually none will require 
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surgery. About 75% of grade 3 and all of 
grade 4 will have had surgery by 7 years or 
10 years at the latest. To date, in the GOSH 
series, no child with an AP diameter of 
<25 mm has required surgery (H.K. Dhillon, 
personal communication 2016, unpublished 
data quoted with permission). 

The guidelines recommend that those with 
grade 1 and 2 should have ultrasounds every 
3-6 months until 2 years old and every 6-12 
months until resolution or to 6 years old. 
The unstated implication is that those whose 
kidney has remained dilated can also be 
discharged. 

Expert opinion is quoted to recommend 
‘close surveillance’ of children with grade 3 
or 4 dilatation but without defining means 
or intervals. There seems little point in 
performing an ultrasound more often than 
3-monthly — if the doctor is that worried, it 
would probably be better to operate. Diuretic 
renography is recommended at 6-8 weeks 
of age and then 3-6 monthly if the US 
appearances deteriorate. 

In bilateral cases with grade 1 and 2, 
the same criteria for monitoring are rec- 
ommended. However, as the differential 
function on renography cannot be used, 
more attention has to be paid to the pattern 
of isotope clearance and to measurement of 
total renal function. 


Conclusions 


Patients with hydrocalycosis and a normal 
ureter do not necessarily have obstruction. 
They can now be divided into two clinical 
groups: those who are identified in utero, 
many of whom do not have obstruction, 
and those found after birth with or without 
symptoms, most of whom are obstructed. 
The former group must be subdivided after 
birth into those who are obstructed and need 
surgery, those who are not obstructed but 
have a variation of normality and those who 
are equivocal. 

All patients who are obstructed, in 
whichever group, should have a pyeloplasty 
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which should be curative. They should be 
discharged as soon as cure of obstruc- 
tion is confirmed unless there are other 
co-morbidities that require monitoring. In 
the antenatally diagnosed group, those man- 
aged conservatively should be discharged as 
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Retroperitoneal Fibrosis 
Paul Scheel and Bruce Berlanstein 


Introduction 


Retroperitoneal fibrosis (RPF) is a condition 
characterised by the presence of inflam- 
mation and fibrosis in the retroperitoneal 
space. Unfortunately, there is no standard 
definition that clearly defines the criteria 
that must be present for a diagnosis of RPF. 
It is this ambiguity that has made formal 
investigation into the disease challeng- 
ing and comparison of multiple different 
reports vulnerable to misinterpretation. As 
a starting point, most agree that a patho- 
logical specimen obtained anywhere in the 
retroperitoneum indicating fibrosis is not 
sufficient for the diagnosis of RPF. Rather, 
the salient feature that must be present is 
the radiographic finding of a soft tissue 
density surrounding the infra-renal aorta 
or proximal iliacs (peri-aortitis). There are 
currently five diseases that lead to infra-renal 
peri-aortitis: RPF; inflammatory abdominal 
aortic aneurysm (IAAA); peri-aneurysmal 
retroperitoneal fibrosis, Erdheim—Chester 
disease (ECD), and immunoglobulin 4 
(IgG-4)-related disease. In most reports, 
IAAA and peri-aneurysmal retroperitoneal 
fibrosis have been lumped together for the 
purposes of analysis. ECD, while sharing 
some similar radiographic features, has a dis- 
tinct histological and clinical presentation. 
IgG4-related disease was not recognised as 
a possible isolated condition until 2003. It is 
unclear how many, if any, of these patients 


were included in analysis of patients with 
RPF. Because no standard definition exists, 
it is important to establish the definition to 
be used when discussing patients treated 
for RPF. The following criteria must be 
present: 


1 A soft tissue density surrounding the 
infra-renal aorta or iliac vessels by 
contrast-enhanced computed tomogra- 
phy (CT) or magnetic resonance imaging 
(MRI) (Figures 5.1 and 5.2); 

2 Absence of a biopsy that is positive for 
malignancy; 

3 Absence of a systemic multicentric fibros- 
ing process such as IgG4-related disease. 


Available Treatments 


Medical Therapy 


Inflammation is the inciting event in RPF. 
If left untreated, this fibro-inflammatory 
process will lead to ureteric obstruction, and 
obstruction of key vascular structures such 
as the inferior vena cava, renal vessels or 
iliac vessels (Figures 5.3, 5.4 and 5.5) [1-4]. 
Therefore, the goals of therapy are to halt 
inflammation, reverse fibrosis and imple- 
ment measures to protect the kidney from 
chronic injury from ureteric obstruction 
[5]. It is important for the treating urolo- 
gist to understand which medical therapy 
was a utilized when assessing a patient for 
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Figure 5.1 Computed tomography (CT) scan of the 
abdomen with intravenous contrast. There is a soft 
tissue mass surrounding the infra-renal aorta 
(ringed). 


Figure 5.2 CT scan of the pelvis with intravenous 
contrast. Note soft tissue density surrounding the 
iliac arteries (ringed). 


potential ureterolysis as an alternative to 
failed medical therapy as rates of success and 
relapse differ significantly [6, 7]. 

There is no one immunosuppressive pro- 
tocol that has been shown to be superior 
to other treatment options. The immuno- 
suppressive therapies that have the most 
data include corticosteroids, tamoxifen and 
mycophenolate mofetil (MMF). The only 
randomised controlled trial (RCT) for the 
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Figure 5.3 CT scan of the pelvis with intravenous 
contrast. There is significant narrowing of the 
common iliac artery on the right secondary to 
extrinsic compression from retroperitoneal fibrosis 
(RPF; arrow). 


Figure 5.4 CT scan of abdomen with intravenous 
contrast. Note bilateral (R>L) proximal hydroureter 
(arrows). 


treatment of RPF was conducted by Vaglio 
et al. [6]. In this small trial, 36 patients with 
RPF were randomised to treatment with 
steroids alone or steroids plus tamoxifen. At 
the start of treatment all patients received 
prednisone 1 mg/kg/day. After 1 month, or 
when patients achieved a clinical remission, 
they were randomised to a prednisone taper 


Figure 5.5 Magnetic resonance 
(MR) venogram of the 
abdomen. Note lack of contrast 
in the inferior vena cava (IVC) 
with narrowing (between lines). 
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over 7 months or 7 months of tamoxifen. 
Six per cent of patients in the steroid arm 
and 39% of patients in the tamoxifen arm 
relapsed during therapy. Following discon- 
tinuation of therapy, the steroid group had 
an 11.8% relapse rate and the tamoxifen arm 
had an 18.2% relapse rate. There was no 
difference in the time to removal of ureteric 
stents in those patients who had obstructed 
ureters and there was a greater reduc- 
tion in the peri-aortic mass in the steroid 
group. 

MMF combined with low dose steroids has 
been shown to be effective in a prospective 
series. MMF is an inosine monophosphate 
inhibitor that interrupts the immune 
response of T and B cells. In addition, MMF 
has been shown to reverse fibrosis in labora- 
tory animals [8—10]. 

Scheel et al. [7] initially reported on 28 
patients with RPF treated with MMF and 
low dose steroids. The treatment consisted 
of oral prednisone 40 mg administered for 
30 days with a 10-mg taper each month 


combined with MMF 1 g administered orally 
twice daily. The MMF was continued for 
6 months following resolution of ureteric 
obstruction. For patients without ureteric 
obstruction, the drug was continued for 6 
months following a 25% reduction in the 
peri-aortic mass and complete resolution of 
symptoms. Patients were treated for a mean 
of 29.3 months. Eighty per cent of patients 
had a >25% reduction in the peri-aortic 
mass and 86% of patients with obstruction 
had successful removal of ureteric stent(s). 
Only 7% of patients in this series relapsed. 
This series has now expanded to over 220 
patients with a treatment success rate of 
95% and a 5% relapse rate (unpublished 
data). 


Surgical Treatment 


Because of the success of medical therapy 
in reducing the inflammation, size of the 
peri-aortic mass and eventual extubation of 
the ureters, there has been a recent paradigm 
shift toward medical therapy for RPF. The 
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indications for surgery are now reserved for 
those patients: 


1 Who fail medical therapy; 

2 Who are unwilling to proceed with a pro- 
longed course of immunosuppressive ther- 
apy and repeated stent exchanges; 

3 With a contraindication to immunosup- 
pressive therapy such as active bacterial or 
viral infection. 


Surgery can be performed through an open 
laparotomy, laparoscopic or robotic-assisted 
technique [11—15]. The goal of ureterolysis is 
to move the ureter to a more lateral position 
with both ‘intraperitonealisation’ and/ or 
omental wrapping, with a goal of moving the 
ureter sufficiently out of harm’s way of the 
ongoing inflammation. Follow-up imaging 
will show a laterally displaced ureter that may 
or may not have radiographic evidence of 
continued upper tract dilatation (Figure 5.6). 
For these patients it is important to doc- 
ument adequate drainage with a MAG3 
nuclear medicine renogram or via Whitaker 
manometry. While these techniques allow 
for rapid extubation of the affected ureter, 
a surgical approach fails to treat the under- 
lying ongoing inflammation with associated 
morbidities of weight loss, pain, anaemia and 
continued deposition of additional fibrosis. 


Figure 5.6 CT scan of the abdomen with 
intravenous contrast in a patient following left 
ureterolysis for RPF. Note lateral displacement of left 
ureter (arrow). 


Follow-up 


Imaging 


For patients treated medically, most proto- 
cols report cross-sectional imaging every 
4-6 months. For those patients with a 
serum creatinine level of <1.5 mg/dL (132.6 
pmol/L), our protocol includes CT of the 
abdomen and pelvis with possible arterial, 
venous and urogram (delayed) images. The 
diameter of the peri-aortic soft tissue mass 
is best evaluated during the arterial phase 
images (Figure 5.7). For those patients with 
disease surrounding the iliac vessels, arterial 
and venous phase images can be important 
when discerning if the inflammatory mass 
continues to affect the ipsilateral stented 
ureter (Figure 5.8). For those patients who 
do not have bilateral ureteric stents, we also 
include urogram images to assess for patency 
of the unstented ureter. 


Stent Removal 


For those patients with unilateral or bilat- 
eral stents where cross-sectional imaging 
demonstrates a reduction of the peri-aortic 
or peri-iliac mass and where the affected 
ureter(s) is free from the fibro-inflammatory 
density, we suggest removal of one stent at 
a time. 

Following removal, our patients are 
assessed for increased pain and decreased 
urine output. At 48 hours, blood is obtained 
for analysis of creatinine and potassium lev- 
els. If there is no clinical suspicion of obstruc- 
tion, a MAG3 scan with furosemide washout 
is obtained at 14 days. If excretion is normal 
(T-1/2 excretion of less than 12 minutes), one 
proceeds with removal ofa contralateral stent 
with a similar protocol. At this 14-day stage, 
a partial obstruction may exist, owing to 
ureteric oedema associated with prolonged 
ureteric intubation. If a partial obstruction is 
demonstrated at day 14 (T-1/2 excretion of 
12-20 minutes), the examination is repeated 
in 2 weeks. If a partial obstruction still exists, 
the ureteric stent is replaced. If the follow-up 
study indicates no obstruction, the stent can 
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Figure 5.7 CT scan of abdomen with intravenous contrast: (a) before and (b) after medical therapy. Note 
reduction in size of peri-aortic soft tissue mass (arrows). 


Complications 


In all of the aforementioned studies, patients 
with ureteric obstruction were managed with 
ureteric stents or PCN tubes until successful 
reduction in the peri-aortic mass. 

Despite the fact that ureteric stents have 
been used extensively for short-term therapy 
following treatment of urinary calculi or 
‘long-term’ for palliation of ureteric obstruc- 
tion with inoperable cancer, few data are 
available on their optimal management of 
stents for those patients needing decompres- 


Figure 5.8 CT scan of the pelvis with intravenous sion for long periods of time but where the 
contrast. Note ureter crossing left iliac vessels goal is eventual extubation as seen in those 
without evidence of obstruction (ringed). patients treated medically with RPE. 


Complications from ureteric stents are well 
known and include the following: 

remain out and the contralateral stent, if 
present, is removed using a similar protocol. 
For those patients where ureteric obstruction 
was relieved with a percutaneous nephros- 
tomy (PCN) and where cross-sectional 
imaging suggests regression of the mass 
sufficiently to relieve the obstruction, patency 
can be assessed by closing the external stop- Adequate relief of obstruction by extrin- 
cock and proceeding with a MAG3 scan with sic ureteric compression has been poor 
furosemide washout as described above or and reported to be as low as 40% [16]. 
by formal Whitaker manometry. Most patients in these series had extrinsic 


Inadequate relief of obstruction; 
Bladder irritation and pain; 
Infection; 

Encrustation and incrustation; 
Stent fragmentation; and 
Migration. 
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compression secondary to malignancy and 
very few series have quantified adequate 
decompression in those patients with RPF. 
Rosevear et al. [17] reported on 20 patients 
with RPF and reported that 85% patients who 
were treated with ureteric stents had ade- 
quate drainage. In most series, assessment 
of adequacy of drainage has been limited to 
those patients who fail to return to baseline 
creatinine or those with ongoing flank pain 
post stent placement. Repeat cross-sectional 
imaging is usually performed every 4—6 
months and ongoing hydronephrosis, which 
suggests poor drainage, would necessitate 
investigation with MAG3 renography. If 
an obstruction was confirmed, alternative 
drainage procedures such as PCN, tan- 
dem double J’s (JJ)or nephro-ureteric stents 
(NUS) would be needed [18]. Patients with 
RPF and ureteric obstruction require stents 
for 6 months to 3 years. Depending on the 
study, up to 80% of patients will experience 
pain, especially with voiding [19]. This pain 
is independent of stent composition or size 
but does seem to worsen when the terminal 
position of the stents in the bladder crosses 
the midline (Figure 5.9) [20, 21]. As urgency, 
frequency and significant pain are thought to 
result from involuntary muscle contractions, 


Figure 5.9 CT scan of the pelvis. Note two JJ stents 
in the bladder with the terminal ends of each stent 

crossing the midline. Source: Woodhouse 2015 [30], 
with permission of John Wiley & Sons Ltd. 


alpha-blockers have been shown to signifi- 

cantly reduce pain in these patients [22-24]. 
For those patients unable to tolerate JJ stents 
secondary to significant pain, PCN is the 
only alternative option for relief of upper 
tract obstruction. 

Incrustation and encrustation of ureteric 
stents are well-known complications of these 
devices and can lead to inadequate drainage, 
difficultly with exchange or removal, as well 
as stent fracture and migration (Figure 5.10). 
The degree of encrustation and incrusta- 
tion is greater in stents less than 6 French 
and is proportional to duration of time any 
indwelling stent remains in situ. Kawahara 
et al. [25] reported on 333 stents in 181 
patients. In total, 40% of removed stents 
were encrusted, with 13.9% showing resis- 
tance to removal. Twenty six per cent of 
stents in place for less than 6 weeks were 
encrusted whereas 56.8% were encrusted if 
in place for 6-12 weeks rising to 75% for 
those in place for 12 weeks or longer. In an 
attempt to balance patient convenience with 
morbidity, it is for this reason that we suggest 
changing JJ stents every 3 months. 

Ureteric stricture is typically thought of as 
a reason to place a stent and not as a direct 


Figure 5.10 Intraoperative photograph taken 
during ureteroscopy demonstrating encrustation of 
JJ stent. Picture courtesy of Dr Takashi Kawahara. 


Figure 5.11 Retrograde pyelogram in a patient 
treated medically for RPF. Note mid ureteric stricture 
(between arrows). At the time of operative repair, 
there was no residual evidence of RPF. 


result of placement of such devices. Instru- 
mentation of the ureter via ureteroscopy 
is however a well-documented aetiology 
of ureteric strictures, occurring in 8—13% 
of cases [26,27], and recurrent ureteric 
instrumentation for stent placementmay also 
be a cause of stricture formation. Similar to 
reports of patients with strictures following 
ureteroscopy, the strictures tend to occur 
in the mid to distal ureter (Figures 5.11 
and 5.12). Strictures should be suspected 
in those patients with resolution of RPF on 
cross-sectional imaging but who have evi- 
dence of high grade obstruction on MAG3. 
Strictures can be confirmed by retrograde 
pyelogram and typically require surgical 
repair. 


Scrotal swelling and pain secondary to 
hydrocoeles are common in males with RPF 
and may be a presenting symptom [28]. The 
pathogenesis is believed to be secondary to 
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Figure 5.12 Retrograde pyelogram in a patient 
treated medically for RPF. Note stricture in mid to 
distal ureter (between arrows). As with the patient in 
Figure 5.11, there was no residual RPF at surgery. 
Source: Woodhouse 2015 [30], with permission of 
John Wiley & Sons Ltd. 


interruption of the retroperitoneal lymphat- 
ics associated with the fibro-inflammatory 
process. The incidence in males presenting 
with RPF has not been formally studied but 
up to 30% of males presenting to an RPF 
clinic have a recent diagnosis of a hydrocoele 
confirmed by ultrasound (US) (Figure 5.13) 
[29]. Unfortunately, not all of these abnor- 
malities resolve with medical or surgical 
treatment of the underlying RPF and may 
need to be addressed with hydrocoelectomy 
in symptomatic patients. 


Long-term Follow-up 
RPF has been reported to recur at high 


rates, depending on the original treatment 
protocol. This recurrence can occur within 
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Hydrocele 


months to years following discontinuation of 
immunosuppressive therapy and there- 
fore follow-up must be for the life of 
the patient. Following discontinuation of 
immunosuppressive medication, the authors 
obtained monthly laboratory data assessing 
for renal function, anaemia and evidence 
of systemic inflammation (erythrocyte 
sedimentation rate, ESR; C-reactive protein, 
CRP) for the first 6 months and every 3 
months thereafter. Cross-sectional imag- 
ing continues every 6 months for 2 years 
following discontinuation of medication. 
Patients are seen twice yearly for 2 years 
following discontinuation of medical therapy 


Figure 5.13 Ultrasound 
scan of the scrotum 
demonstrating left 
testicle adjacent to small 
left hydrocoele. 


and annually thereafter (Table 5.1). Patients 
are instructed to contact us immediately if 
they experience flank pain or unexpected 
weight loss. 


Recurrent Disease 


Those patients who have recurrent symp- 
tomatic disease (pain, weight loss, increased 
markers of inflammation or obstruction) 
associated with recurrent or enlarging 
peri-aortic or peri-iliac mass are restarted 
on an immunosuppressive protocol, with or 
without ureteric stents, similar to de novo 
patients. 


Table 5.1 Suggested protocol for the follow-up of asymptomatic patients who have 
completed immunosuppressive protocol for retroperitoneal fibrosis. Assumes all ureteric 


stents have been removed. 


Procedure 
Months 1-6 

Renal profile Monthly 
CBC Monthly 
ESR Monthly 
CRP Monthly 
CT or MRI Month 6 
MD visit Month 6 


Months 6-24 


Every 3 months 
Every 3 months 
Every 3 months 
Every 3 months 
Every 6 months 


Every 6 months 


Follow-up frequency 


Months 24> 


Every 3 months 
Every 3 months 
Every 3 months 
Every 3 months 
Prn symptoms 
Annually 


CBC, complete blood count; CRP, C-reactive protein; CT, ESR, erythrocyte sedimentation rate; 
MD, primary physician; MRI, magnetic resonance imaging; prn, as necessary. 
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Urinary Diversion 
Christopher Woodhouse and Alex Kirkham 


Introduction 


From middle of the nineteenth century, 
when intra-abdominal surgery first became 
possible, urinary diversion was almost 
always by uretero-sigmoidostomy. The 
long-term results were poor, largely because 
of uncontrolled infections and metabolic 
complications. In the 1940s, Alexander 
Brunschwig, an American gynaecologist at 
Memorial Sloane Kettering, pioneered the 
procedure of total pelvic exenteration for 
locally advanced carcinoma of the cervix, 
which required a diversion other than via 
the rectum. The ileal conduit was devised by 
Eugene Bricker and reported in 1950 [1]. A 
Mr Rutzen of Chicago is credited by Bricker 
with designing the necessary appliance. 

The results of ileal conduit after cystec- 
tomy were said to better than those after 
uretero-sigmoidostomy. However, it was 
more commonly used for children with 
congenital anomalies such as exstrophy and 
spina bifida. It is difficult, now, to appreciate 
the dramatic improvements that a conduit 
made to their lives. For example, 83% of 62 
children undergoing ileal conduit for pro- 
gressive renal deterioration were improved 
or stabilised according to the first postop- 
erative intravenous urogram (IVU) [2]. In 
children who were diverted with normal 
kidneys, 70% were still normal after 10—16 
years’ follow-up [3]. 


The Procedures 


Sixty-five years later, the ileal conduit 
remains the most common procedure for 
patients undergoing a cystectomy, although 
it is now seldom performed for paediatric 
patients. The design remains virtually the 
same as that originally described by Bricker. 
The features that have an impact on the 
postoperative imaging are as follows: 


1 The alternative uretero-ileal anastomosis 
technique described by Wallace [4]. The- 
oretically, with the Wallace anastomosis, 
if there is an early leak both ureteric anas- 
tomoses may be lost. In an unrandomised 
comparison of 186 patients, the stricture 
rate with a Bricker was 3.7% and zero with 
a Wallace procedure [5]. In practice, the 
outcomes are much the same. 

2 The length of ileum should be of sufficient 
length to reach without tension from the 
right iliac fossa to the abdominal wall, 
but no longer. In the very obese patient 
it may be difficult, or sometimes impos- 
sible, to pass the conduit through the 
abdominal wall without compromising 
the blood supply. It may be possible to 
overcome this problem using the modifi- 
cation of the stoma described by Turnbull 
(Figure 6.1) [6]. 

3 Isolated colon with an anti-reflux ureteric 
anastomosis has been used to make a 
urinary conduit. In practice, in only about 
50% of cases is reflux prevented. There 
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has been a trend for it to reduce the 
incidence of renal scarring in children 
[7]. In adults, it has been claimed from 
a non-randomised and poorly matched 
series that there were fewer complications 
with a colon conduit after cystectomy; 
in children with follow-up to a maxi- 
mum of 21 years, complication rates were 
similar [8, 9]. 

4 In patients having a total pelvic exen- 
teration for cancer, particularly after 
radiotherapy, it is necessary to have a 
stoma each for urine and stool. Apart from 
the burden of two stomas, the further 
problem is that a vascularised abdomi- 
nal flap is usually required to close the 
perineum which makes the position- 
ing of one of the stomas difficult. It is 
possible to put both the stomas at the 
same site using descending colon, creat- 
ing the double-barrelled stoma originally 
described by Carter et al. (Figure 6.2) 
[10]. With appropriate appliances, we have 
found no management problems. In 15 
cases there have been fewer infections and 
parastomal hernias compared with seven 
similar patients who had bilateral stomas. 


Figure 6.1 Diagram 
of the Turnbull stoma. 
Note that the stoma 
has a double blood 
supply as the pedicle 
supplies the two 
arms. On the surface 
it is usual for only a 
single orifice to be 
visible; for imaging, it 
must be recognised 
that there are two 
arms, one of which 
(usually the upper 
one) is blind ending. 


Clinical Follow-up of Ileal Conduits 


The initial results of the ileal conduit were so 
good, in terms of improved kidneys, reduced 
infections and better cleanliness than a 
uretero-sigmoidostomy that many patients 
did not have any follow-up. It was not until 
10-15 years after its first introduction that 
problems emerged [3, 11-13]. 


Postoperative Imaging 


The ‘Loopogram’ 


The most direct way of imaging the con- 
duit is by instillation of contrast medium 
via the stoma. The aims of the study are 
to opacify the loop and demonstrate reflux 
into both ureters, opacifying both collecting 
systems and obtaining views to demon- 
strate intraluminal ‘filling defects’ suggesting 
epithelial pathology. The study is usually 
performed with a 10-14 Fr catheter and 
a balloon inflated in the intra-abdominal 
part of the loop (as close to the uretero-ileal 
anastomosis as possible, to reduce the effects 
of peristalsis on the efficacy of retrograde 
installation). The residual in the loop is mea- 
sured on catheterisation, and between 30 and 
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Descending colon and faecal stoma 


Descending colon used as urinary conduit 


Cc 


Figure 6.2 (a) Diagram of the Carter double-barrelled stoma system. (b) The abdominal appearance of the 
Carter stoma with the orifices arrowed. (c) Following radiotherapy and total pelvic exenteration for locally 
advanced carcinoma of the rectum, the patient has a Carter stoma, showing the type of bag suitable for the 
drainage of faecal/urinary slurry; note the large drainage spout. A musculo-cutaneous flap based on the 
inferior epigastric vessels has been harvested approximately from the area outlined in black and used to close 
the perineum. The abdominal defect has been closed with a mesh which would make the formation of a 


right-sided stoma difficult. 


150 mL of contrast instilled (some leakage is 
common via the stoma and indeed probably 
protects from overly high pressures during 
the study). The kidneys, ureters and bladder 
in two planes and images of the superficial 
loop are taken with a lateral view at 5 and 
30 minutes after the procedure to assess 
emptying of the loop and upper tracts. 
Loopograms may be carried out when 
there is a history of recurrent symptomatic 
urinary infection, or to look for reflux into 
the kidneys which would confirm absence 


of upper tract obstruction (Figures 6.3 
and 6.4). 

It is occasionally indicated for the inves- 
tigation of haematuria. However, although 
there are few specific data in this group 
of patients, CT urography is probably the 
more accurate method of investigation. It 
has superseded IVU and retrograde studies 
in the great majority of cases. Microscopic 
haematuria is almost always found in conduit 
urine and is seldom a sign of significant dis- 
ease on its own. Gross haematuria requires 
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Figure 6.3 A single image from a loopogram study 
in a 55-year-old woman. The catheter is positioned 
in the middle of the loop, and the balloon inflated 
with 4 mL air. Reflux is seen to both kidneys, and 
both pelvi-caliceal systems are well shown. 


investigation as it would from a natural 
urinary tract. The most common causes 
are upper tract malignancy and stones. 
Some loops are too long and cause frequent 
symptomatic infections. Primary neoplasia 
of an ileal conduit is rare (Figures 6.5-6.8 
and 6.9) [14]. 

The villous pattern of ileum is initially 
maintained after conduit formation. With 
time, there is villous atrophy which pro- 
gresses at different rates among patients and 
within individual conduits. At 5 years’ post 
conduit formation there will be some normal 


Figure 6.4 Two types of ureteric anastomosis. 

(a) The ureters enter the ileal loop in two discrete 
locations (Bricker type). (b) The ureters are joined 
into a short common ureteric segment before 
anastomosis to the loop (Wallace). Note the focus of 
narrowing in the loop in (a). This persisted on all 
views of the loop and was found to be a tumour at 
looposcopy; it was subsequently resected and the 
loop refashioned. 


villi and some areas of atrophy. By a mean 
of 13 years, there is almost complete villous 
atrophy (Figure 6.10) [15]. 


Figure 6.5 Multiple filling defects in the 
left ureter on a loopogram. Although the 
anastomosis appears moderately 
narrow, there was free reflux into the left 
ureter and the function of the left kidney 
was stable, indicating that it was not 
significantly obstructed. A single 
constant filling defect (arrows) might 
raise the possibility of a ureteric tumour, 
but the multiple small filling defects 
(constant compared with a year ago) 
suggested ureteritis cystica. This was 
confirmed at ureteroscopy. 
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Figure 6.6 Methods for 
imaging a ureteric tumour. 
Ultrasound (US) initially showed 
increasing hydronephrosis in 
the right kidney. (a) A 
loopogram showed reflux into 
only a small distal part of the 
right ureter, with an irregular 
upper margin suggesting 
tumour (white arrow; a black 
arrow indicates the 
contralateral ureter). (b) A right 
nephrostomy was placed, and 
shows a nephrostogram 
showing the upper limit of the 
tumour (arrow). (c) Only the CT 
scan fully demonstrates the 
length and size of the ureteric 
tumour (arrows). 


Figure 6.7 Stricture of an ileal conduit on loopogram and CT. The stricture (constant on multiple images) is 
well shown on the loopogram (a, arrows) but it is impossible to determine the wall thickness. Ureters (arrow 
heads) are dilated. (b) An oblique sagittally reconstructed enhanced CT image (60 s after IV contrast). The 
smoothly, moderately thickened ileal wall is demonstrated (arrows). In both images L = loop. The imaging 
appearances would go with malignancy, but biopsy showed only chronic active inflammation. 


(US). Some dilatation of the upper tracts is 


The most serious complication of the ileal COmmon in patients with ileal conduits and 


conduit is obstructive renal failure. This may not be associated with obstruction 
is best identified initially by ultrasound or significant functional deterioration. 
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Figure 6.8 (a) Combined loopogram and antegrade 
nephrostogram showing complete obstruction of 
the conduit with an irregular mass (between the 
arrows). (b) Fresh surgical specimen from the same 
patient showing the tumour between the arrows. 
There are stents in the ureters. Histology showed an 
adenocarcinoma. 


Figure 6.9 Loopogram showing an unnecessarily 
long conduit looping down into the pelvis. 


Progressive dilatation, particularly when 
associated with a rising serum creatinine 
level, requires further investigation by 


loopogram or MAG3 isotope renogram. 
MAG3 is the standard investigation for 
obstruction; however, if a loopogram shows 
reflux, obstruction is unlikely and other 
information may be gathered from visuali- 
sation of the whole renal drainage system. 
Obstruction may be at the lower end of 
the ureter, the anastomosis to the conduit 
or at stomal level. US may in some cases 
identify a distended loop (Figure 6.11), 
although this finding is operator dependent, 
and distension does not necessarily imply 
obstruction. 

Stomal obstruction may be seen on abdom- 
inal examination, confirmed, if possible, by 
the insertion of a small catheter to drain 
the residual urine (Figure 6.12). Obstruction 
by a stricture of the conduit itself is rare, 
and should raise the possibility of tumour 
(Figure 6.7 and 6.8.). 


Figure 6.10 Loopogram of an ileal conduit. The old 
section, which was formed in early childhood, shows 
smooth walls with no villi. In adulthood, after two 
pregnancies and with increasing obesity, it had 
become too short and a new segment was added on 
to lengthen it about a year before this X-ray. The new 
segment shows normal villi and haustral folds. 


Figure 6.11 US 5 years after an ileal conduit 
showing: (a) mild dilatation of the collecting system 
in the kidney (short arrows), and upper ureter (long 
arrow). (b) a moderately distended loop with no 
evidence of a focal lesion (between arrows). 


Figure 6.12 Clinical photograph showing a 
stenosed ileal stoma causing obstruction of the 
conduit 


Nephrostomy and Antegrade Imaging 


Although it is sometimes possible to insert 
a ureteric stent endoscopically through the 
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conduit, in the presence of an anastomotic 
stricture it is most often impossible. An 
antegrade nephrostomy is usually the first 
line procedure and allows a definitive diag- 
nosis. It may be combined with dilatation 
and stenting of the most common cause — a 
benign stricture (Figure 6.13). 

Stenting allows the kidney to recover as 
much as is possible and gains time while 
working out what to do next. Unfortunately, 
the function of the obstructed kidney may be 
so poor that it is not worth saving. 

In the long term, balloon dilatation has a 
poor outcome, with up to 85% re-strictured 
at 1 year and up to 95% by 3 years [16]. Longer 
term success usually requires a permanent JJ 
stent which is changed every 3 months [17]. 
Metal stents are reported to fall out in 90% of 
cases by a mean of 21 days [18]. 

The best outcomes with balloon dilatation 
are associated with strictures of <1 cm occur- 
ring more than 6 months postoperatively, not 
following abdominal radiotherapy and from 
kidneys with more than 35% of total function 
on isotope scanning [16]. 

Nonetheless, an aggressive policy to iden- 
tify and manage obstruction is essential. 
Renal failure can occur in more than 16% of 
patients after ileal conduit diversion, often 
through neglect of follow-up. New cases 
are found as late as 5 years postoperatively. 
Kidneys that are abnormal pre-operatively 
are at greater risk [19]. Open repair has about 
a 90% success rate at 1 year but then there is 
a progressive rate of recurrence, at least up 
to 4 years, by which time about 25% will have 
re-stenosed [16, 20]. 


Monitoring of Asymptomatic 
Patients 


The incidence of renal obstruction, which 
is usually symptomless, mandates regular 
supervision on its own. There is no high level 
evidence to guide its protocol. 

As most surgeons will protect the ureteric 
anastomosis with stents for a period post- 
operatively, it is sensible to perform a renal 
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Figure 6.13 Stenting of an anastomotic stricture. (a) An initial nephrostogram shows only a small amount of 
drainage past an anastomotic stricture (arrows) into the conduit (arrowheads). A MAG3 study had shown 
impaired function and delayed drainage. (b) The stricture has been crossed with a wire, and there is now reflux 
from the Wallace anastomosis into the contralateral ureter (black arrows). (c) A JJ stent has been placed and the 
kidney is draining well into the loop (note the empty collecting system). 


ultrasound and measure the serum creati- 
nine within a few days of stent removal to 
establish a baseline and to detect an early 
disaster. Thereafter there are no guidelines, 
let alone any that are validated for the moni- 
toring of an ileal conduit in the asymptomatic 
patient. Annual review has become custom- 
ary. This fits in with our experience of ileal 
conduit patients with a variety of benign and 
malignant underlying diagnoses [21]. We are 
only aware of one patient who went from a 
normal state to end-stage renal failure in less 
than a year. Ultrasound at end stage showed 
bilateral shrunken kidneys and the patient 
probably had unrecognised renal disease 
rather than obstruction. Another patient 
developed bilateral obstruction, sequentially 
at about 4 and 6 months after the previous 
stable ultrasound at 3 years’ post conduit 
formation (unpublished data). Aside from 
these, the development of obstruction has 
been a slow process. 

A protocol for monitoring of the conduit is 
shown in Table 6.1. The underlying diagnosis 
for which the conduit was needed, most often 
cancer, may require its own, more intensive, 
monitoring. 


Although the very serious complication 
of vitamin B,, deficiency can be found after 
ileal conduit formation, it is rare. It should 
not occur until at least 4 years after conduit 
formation when the body store would be 
exhausted if there was absolutely no further 
absorption. No cases are recorded in the 
detailed follow-up of 412 patients up to 
nearly 30 years in the series of Madersbacher 
et al. [22] (although it may not have been 
routinely measured). 


Management of Bacteriuria 
and Sepsis 


In clinical practice, there is great difficulty 
in managing alleged urinary tract infections 
(UTD in patients with conduits. This is 
partly because many patients and general 
practitioners ascribe almost any symptom, 
especially if accompanied by ‘smelly urine’, 
to UTI and partly because most patients do 
have bacteriuria for much of the time but fail 
to appreciate that it is actually symptomless. 

The problem lies in renal infection. There 
is no difficulty in making a diagnosis of 
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Table 6.1 Suggested protocol for the follow-up of asymptomatic patients with an ileal conduit. 


Procedure Frequency Year 1 
3 months 
Inspect stoma Every visit 
Blood pressure Every visit 
Urine protein (stix) Every visit 
Full blood count Every visit 
Serum creatinine Every visit 
Serum B,, 
Urinary tract ultrasound Yes 


Year 2 onwards Year 5 onwards 


6 months Annually Annually 
Every visit?) 
Yes Yes Yes) 


a) Vitamin B,, deficiency with a standard length ileal conduit and without previous abdominal radiotherapy is rare 


and routine measurement is not undertaken in many units. 
b) Annual renal ultrasound after 6 years in asymptomatic patients with previously normal kidneys has low pick-up 


rate; if the other parameters remain normal, biennial examination may be acceptable. 


acute pyelonephritis in a diverted patient 
because it is exactly the same as in anyone 
else. There is high fever, often with rigors 
and pain, and tenderness in the affected 
kidney. Bilateral synchronous pyelonephritis 
is rare. On investigation, the white blood 
count and C-reactive protein (CRP) lev- 
els are raised. There is increasing use of 
more sophisticated biomarkers of infection 
such as procalcitonin or preseptin both for 
diagnosis and prognostication [23]. Ultra- 
sound may show an oedematous kidney. 
Hydronephrosis will raise the possibility of a 
pyonephrosis. 

The critical issue is that, for a urinary tract 
infection to require antibiotics, it must be 
making the patient ‘ill’ in some way. There 
may be malaise, low grade fever and other 
symptoms that are recognizable to individual 
patients. 

With a suspicious group of symptoms, a 
catheter specimen of urine should be sent 
for culture. Urine from the ‘ostomy’ bag will 
always contain bacteria. Ideally, a catheter 


References 


1 Bricker EM. Bladder substitution after 
pelvic exenteration. Urol Clin North Am. 
1950; 30: 1511-1521. 


should be passed as deeply as possible into 
the conduit and a further catheter passed 
through it to obtain an uncontaminated spec- 
imen. The residual urine in a conduit should 
ideally be <15 mL but many patients have 
much larger residuals apparently without any 
problems. A higher residual may indicate an 
excessively long and poorly draining conduit 
(Figure 6.9) [24]. 

‘Clean catch’ urine from the stoma may be 
acceptable and if it is sterile will out rule an 
infection. A positive culture may not prove 
that a significant infection is present and fur- 
ther evidence from inflammatory markers is 
needed [25]. 

It is not surprising that UTI is greatly 
over-diagnosed. As with all other complica- 
tions, the longer the follow-up, the higher the 
incidence becomes. With strict attention to 
diagnostic criteria, an incidence as low as 3% 
after a mean of 11 years has been reported 
[26]. Others give 8-11% at 5 years, which 
seems more probable. 


2 Stevens PS, Eckstein HB. Ileal conduit 
urinary diversion in children. Br J Urol. 
1971; 51: 466—470. 


85 


86 | Radiology and Follow-up of Urologic Surgery 


3 


10 


11 


12 


13 


14 


15 


Shapiro SR, Lebovitz R, Colodny AH. The 
fate of 90 children with an ileal conduit 
urinary diversion 10 years later. J Urol. 
1975; 114: 289-295. 
Wallace DM. Uretero-ileostomy. Br J 
Urol. 1970; 42: 529-534. 
Kouba E, Sands M, Lentz A, Wallen E, 
Pruthi RS. A comparison of the Bricker 
versus Wallace ureteroileal anastomosis in 
patients undergoing urinary diversion for 
bladder cancer. J Urol. 2007; 178(3 Pt 1): 
945-948. 
Bloom DA, Lieskovsky G, Rainwater G, 
Skinner DG. The Turnbull loop stoma. 
J Urol. 1983; 129(4): 715-718. 
Hill JT, Ransley PG. The colonic conduit: 
a better method of urinary diversion? Br J 
Urol. 1985; 55: 629-631. 
Pycha A, Comploj E, Martini T, et al. 
Comparison of complications in three 
incontinent urinary diversions. Eur Urol. 
2008; 54(4): 825-832. 
Elder DD, Moisey CU, Rees RWM. A 
long-term follow up of the colonic con- 
duit operation in children. Br J Urol. 
1979; 51: 462—465. 
Carter MF, Dalton DP, Garnett JE. The 
double-barreled wet colostomy: long term 
experience with the first 11 patients. 
J Urol. 1994; 156: 2312-2315. 
Dunn M, Roberts JBM, Smith PJB, Slade 
N. The long term results of ileal conduit 
diversion in children. Br J Urol. 1979; 51: 
458—461. 
Jones MA, Breckman B, Hendry WF. Life 
with an ileal conduit: results of question- 
aire surveys of patients and urological 
surgeons. Br J Urol. 1980; 52: 21-25. 
Neal DE. Complications of ileal con- 
duit diversion in adults with cancer 
followed up for at least five years. Br 
Med J (Clin Res Ed). 1985; 290(6483): 
1695-1697. 
Austen M, Kalble T. Secondary malig- 
nancies in different forms of urinary 
diversion using isolated gut. J Urol. 2004; 
172: 831-838. 
Deane AM, Woodhouse CRJ, Parkinson 
MC. Histological changes in ileal con- 
duits. J Urol. 1984; 132: 1108-1111. 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


DiMarco DS, LeRoy AJ, Thieling S, 
Bergstralh EJ, Segura JW. Long-term 
results of treatment for ureteroenteric 
strictures. Urology. 2001; 58(6): 909-913. 
Pappas P, Stravodimos KG, Kapetanakis 
T, et al. Ureterointestinal strictures fol- 
lowing Bricker ileal conduit: management 
via a percutaneous approach. Int Urol 
Nephrol. 2008; 40(3): 621-627. 

Garg T, Guralnick ML, Langenstroer 

P, et al. Resonance metallic ureteral 
stents do not successfully treat ureteroen- 
teric strictures. J Endourol. 2009; 23(7): 
1199-1201. 

Gilbert SM, Lai J, Saigal CS, Gore JL. 
Downstream complications following 
urinary diversion. J Urol. 2013; 190(3): 
916-922. 

Nassar OA, Alsafa ME. Experience with 
ureteroenteric strictures after radical 
cystectomy and diversion: open surgical 
revision. Urology. 2011; 78(2): 459-465. 
Bakke A, Jensen KM, Jonsson O, et al. 
The rationale behind recommendations 
for follow-up after urinary diversion: an 
evidence-based approach. Scand J Urol 
Nephrol. 2007; 41(4): 261-269. 
Madersbacher S, Schmidt J, Eberle JM, 

et al. Long-term outcome of ileal conduit 
diversion. J Urol. 2003; 169(3): 985—990. 
Liu B, Chen YX, Yin Q, Zhao YZ, Li 

CS. Diagnostic value and prognostic 
evaluation of Presepsin for sepsis in an 
emergency department. Crit Care. 2013; 
17(5): R244. 

Frank PP, Pernet M, Jonas U. Ileal con- 
duit diversion: early and late results of 
132 cases in a 25 year period. World J 
Urol. 1985; 3: 140-144. 

Mahoney M, Baxter K, Burgess J, et al. 
Procedure for obtaining a urine sample 
from a urostomy, ileal conduit, and colon 
conduit: a best practice guideline for clin- 
icians. J Wound Ostomy Continence Nurs. 
2013; 40(3): 277-279. 

Lopez PP, Moreno Valle JA, Espinosa 

L, et al. Enterocystoplasty in children 
with neuropathic bladders: long-term 
follow-up. J Pediatr Urol. 2008; 4(1): 
27-31. 


7 


Ureteric Reconstruction and Replacement 


Christopher Woodhouse and Aslam Sohaib 


Introduction 


It is sad to have to record that the ureter 
is most often in need of repair because of 
damage by doctors. Surgeons may cut it; 
radiotherapists may burn it; radiologists may 
penetrate it during interventional proce- 
dures. Isolated trauma is uncommon but 
the ureter may be damaged as a part of 
a multi-organ injury of the abdomen [1]. 
Several diseases may obstruct the ureter, 
the most common of which in the Western 
world is cancer; in some countries tubercu- 
losis and schistosomiasis are more common 
causes. Patients may damage their own 
ureters especially with ketamine which is a 
newly emerging drug of abuse (Figure 7.1) 
[2]. The cause of the ureteric damage is most 
influential in the selection of the type of 
repair. 

The best tissue with which to repair the 
ureter is the ureter itself. If that is not fea- 
sible, tubularised bladder is the next choice. 
Autologous tissue foreign to the urinary tract 
is the least satisfactory. Synthetic stents and 
nephrostomy tubes are very useful in the 
short term. Reconstruction and replacement 


of the ureter is an exercise in imaginative use 
of the available techniques. 


Procedures 


Stents and Nephrostomies 


An obstructed ureter will cause irreversible 
deterioration in renal function at least as 
early as 2 months from onset [3]. Ureteric 
stents will usually, but not always, establish 
adequate downward drainage and allow 
recovery of renal function. A percutaneous 
nephrostomy can be more effective and 
sometimes is the only possible option. Either 
stents or a nephrostomy will sometimes 
dry up a ureteric fistula. They are generally 
regarded as short-term measures, but occa- 
sionally circumstances require them to be 
permanent. 


Uretero-pyelostomy 


Anastomosis of the upper ureter to the renal 
pelvis was originally described by Anderson 
and Hynes [4] for the management of an 
obstructing retrocaval ureter (Figure 7.2). A 
damaged upper ureter can be salvaged by the 
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Figure 7.1 Standard intravenous urogram (IVU) of a 
patient with urinary tract damage from ketamine 
abuse. There is bilateral hydronephrosis. The ureters 
are drawn medially and rigid in appearance. The 
apparent obstruction at the lower ends is in the 
intra-mural portion (cystogram showed no 
obstruction). The bladder is small and thick walled. 
Source: Woodhouse 2015 [52]. Reproduced with 
permission of John Wiley and Sons. 


same technique. The more dilated the renal 
pelvis, the longer the length of damaged 
ureter that can be repaired. 


Uretero-calycostomy 


If the kidney is chronically dilated and the 
lower pole calyx close to the surface, the 
ureter can be anastomosed to it. However, 
there are few occasions on which it is feasible. 


Trans-uretero-ureterostomy 


Much the most useful technique for repair 
of the mid ureter is to pass the surviving 
upper ureter across the retroperitoneum and 
anastomose it to the contralateral ureter. 
There have been anecdotal concerns that 
either the donor or the recipient ureter (or 


both) would be damaged. However, in a 
retrospective series of 253 cases, virtually 
no complications were encountered, but in 
particular no ureters became damaged as a 
result of the repair [5]. 

Both experimental and clinical experiences 
confirm that both ureters drain into a bladder 
or reservoir. The host ureter has the domi- 
nant function in that its electromyographic 
impulses continue to pass down to the distal 
(common) ureter while those of the donor 
ureter do not [6]. This does not prevent the 
drainage from the donor ureter or cause 
hydronephrosis. 


Ureteric Re-implantation 


For a damaged lower ureter, direct 
re-implantation into the bladder using a 
subepithelial tunnel is the procedure of 
choice. If the compromised lower ureter is 
only a centimetre or two, the bladder can be 
fixed to the psoas to prevent tension on the 
anastomosis. For longer sections of missing 
ureter it is necessary to raise a flap of bladder 
known as a Boari (Figure 7.3). The Boari flap 
is a most useful means of salvaging the ureter 
using urothelial lined tissue. Providing the 
bladder has not been damaged, particularly 
by irradiation, a long flap can be raised which 
will usually reach to the upper third of the 
ureter especially if a downward nephropexy 
is carried out as well [7]. It can sometimes 
reach as high as the renal pelvis, especially in 
females. 

Apart from minor leaks in the periopera- 
tive period in about 3% of patients, long-term 
complications are rare. There is no difference 
in outcome among those having a simple 
re-implantation, a psoas hitch or a Boari flap 
[3]. The important technical point is to make 
a proper assessment of the ureteric defect 
and choose the operation which will provide 
a tension-free implantation with an adequate 
tunnel. If in doubt it is safest to perform a 
Boari flap. 

The Boari flap is versatile and can be mod- 
ified to drain both ureters, either by com- 
bining it with a trans-uretero-ureterostomy 
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Figure 7.2 Enhanced 
coronal CT image to 
show a retrocaval ureter. 
There is a stent in the 
ureter (arrowed) which 
can be seen curling 
behind the inferior vena 


cava. The kidney is 
dilated. 


Figure 7.3 Formation of a Boari flap. (a) The flap has been marked out on the bladder; note the broad base and 
curved distal end. (b) The flap has been raised and the ureter tunnelled into the sub-epithelium. (c) The flap has 
been closed as a tube. 
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(TUU) or by bring one ureter across to the 
other side and implanting them separately 
into the top of the flap. It can also be used to 
repair the infective causes of ureteric stric- 
ture such as schistosomiasis and tuberculosis 
once appropriate chemotherapy has been 
completed and the extent of the stricture 
defined [8, 9]. In a small prospective con- 
trolled trial in patients with schistosomiasis 
of the ureters, Boari flap was found to be 
superior to a Girgis triangular flap or ileal 
interposition at a mean follow-up of 20 
months [10]. 

All of these techniques can also be used in 
children [11]. 


Autotransplantation 


Removal of a kidney and moving it down 
to the pelvis was originally championed for 
the management of low grade transitional 
cell carcinoma in the collecting system or 
ureter combined with bench surgery as an 
alternative to nephrectomy [12]. Indications 
have expanded with time, especially as the 
operation can be performed laparoscopically. 
There are several reports of its use for com- 
plex ureteric injuries and strictures. A short 
length of upper ureter can be implanted 
in the bladder or the renal pelvis can be 
anastomosed directly to it [13, 14]. 


Intestine 


If it is impossible to find a way of reconstruct- 
ing the ureter with urothelial-lined tissue, 
intestine can be used. The original descrip- 
tions were of a direct anastomosis of a length 
of ileum between the renal pelvis and the 
bladder (an ileal chute). The large dead space 
that this created predisposed to infection and 
the complications associated with storage of 
urine in intestinal segments. Nonetheless, it 
remains a very simple technique and most 
patients do well. The wide bore allows the 
passage of renal stones without colic. It was 
for recurrent stone formers that the chute 
was particularly popularised. 

To reduce the amount of dead space and 
length of intestine needed, narrow tubes 


have been used. The use of the appendix is 
at the level of case reports. It is not normally 
long enough to replace a whole ureter and 
its lumen is often small, around 8 Fr. How- 
ever, it has been used successfully in 9 of 10 
children with a mean follow-up of 2.5 years 
(range 1-72 months). Interestingly, it was 
implanted in an anti-peristaltic direction; 
one child developed hydronephrosis [15]. 
It may be useful in association with a Boari 
flap. It has also been used after incising on 
its anti-mesenteric border to form a sheet 
with which to augment an opened ureteric 
stricture [16]. 

A tailored ureteric replacement can be 
formed from ileum or colon using the 
Yang—Monti technique. A single segment 
will not replace the whole ureter, but a dou- 
ble or spiral Yang—Monti can be made long 
enough, especially if colon is used with or 
without a Boari flap [17]. 


Complex Lower Urinary Tract 
Reconstruction 


Damage to the ureter may be a part of 
extensive intra-abdominal and pelvic injury, 
usually from trauma, but occasionally from 
radiotherapy or surgery. The ureteric recon- 
struction then has to be part of a complex 
lower tract reconstruction. Any of the avail- 
able techniques for ureteric replacement 
can be combined with any of the standard 
bladder replacements. An example is shown 
in Figure 7.4, but there are many variations in 
the literature as case reports or small series, 
including implanting a reconstructed ureter 
into the sigmoid colon. 


Other Materials and Experimental 
Techniques 


Several substitute materials have been tried 
experimentally and clinically. With a few 
honourable exceptions, negative outcomes 
are missing from the literature. There may 
well be a wide range materials that have been 
tried, found wanting and not reported. Some 
of the experiments have been carried out on 
ureteric defects that could be bridged quite 
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Figure 7.4 Complex lower urinary tract 
reconstruction following an extensive crush injury to 
the pelvis with loss of the bladder, prostate and 
lower right ureter. A right to left 
trans-uretero-ureterostomy (TUU) has been formed. 
The bladder has been replaced with an intestinal 
reservoir (B) which is drained by an appendiceal 
Mitrofanoff channel (A). The left ureter has been 
implanted into the reservoir. 


easily with urothelial tissues using one of the 
techniques above. Others, although success- 
ful in animals, have not found their way into 
clinical practice. A further discouragement 
to experimentation in this field is that the 
need for non-urothelial tissues is small. 

The most widely used tissue is small 
intestinal submucosa (SIS) which is used as 
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a scaffold on which urothelial cells may grow 
or be grafted after tissue culture. When used 
as a patch on a partially excised segment of 
pig ureter, urothelium grows in well and the 
ureter functions normally [18]. When used 
as a tube, even with a stent, the in-growth 
of urothelium is patchy and the tube oblit- 
erates [19]. The use of cultured urothelium 
is no better, except when a de-mucosalised 
Yang-Monti vascularised tube is used as 
the scaffold [20]. Recently, urothelial cells 
from human adipose-derived stem cells have 
been more reliable in forming sheets of 
urothelium [21]. 

A tube of buccal mucosa has been used in 
five patients to replace a strictured ureter. The 
defect was between 3.5 and 5 cm and resulted 
from non-malignant causes. The longest 
follow-up was 39 months (mean 24 months) 
and all patients remained unobstructed [22]. 
Vein grafts have been used in a rat model. A 
good ureter resulted providing a stent was 
used until healing was complete [23]. 


Clinical Follow-up and 
Complications 


Stents and Nephrostomies 


Plastic tubes of various types are most often 
used for temporary protection of the kid- 
neys pending a definitive intervention or 
for a short time thereafter. Longer term 
use is usually for malignant obstruction in 
patients with a poor prognosis. The typi- 
cal survival after stenting in this group is 
shown in Figure 7.5. The short survival may 
influence the choice of stent, timing of their 
renewal and, indeed, whether a stent should 
be inserted at all. 

A very wide range of immediate complica- 
tions has been reported including the stent 
being too long or too short; being impossible 
to pass; being passed out of the ureter; and 
becoming knotted. It is to be hoped that 
these complications are quickly recognised 
and corrected endoscopically. 
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35% Figure 7.5 Chart to 
show the survival 
30% of patients after 
Po palliative ureteric 
25% 41% dead within 3 months stenting in 
malignant disease 
20% (audit data 2012 
Royal Marsden 
15% Hospital, London). 
Source: Woodhouse 
10% 2010 [53]. 
Reproduced with 
5% E permission of 
Elsevier. 
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Temporary stents should be removed as 
soon as they are no longer needed. There 
is no good evidence to guide the timing 
of exchange of stents that are required for 
long periods or even permanently. In view 
of the speed with which encrustation can 
occur, scheduled exchanges at 1 year seems 
ambitious especially as medical schedules 
have a habit of slipping for administrative 
or clinical reasons. Six-monthly exchange 
is a good target and should allow for some 
slippage. Even with this schedule, occasional 
patients are going to develop significant 
encrustation before their next appoint- 
ment. With those who have to have lifelong 
stents, it may be possible to define the 
length of time it takes to form encrusta- 
tion in that patient and arrange a schedule 
accordingly. 

Much the most important part of internal 
stent follow-up is to ensure that it is removed 
or changed in a timely manner. A check 
should be made that it has not broken with 
the upper end left behind (Figure 7.6). No 
stent devised to date has been shown to be 
immune to encrustation; some are said to be 
better than others but only based on in vitro 
experiments which do not mimic the natural 
environment of the urinary tract. In clinical 
practice, sufficient encrustation to make 
removal of a stent difficult has been found 
after 2 months. In that report the mean time 
to developing clinically significant encrusta- 
tion was 11.4 months (range 2-39 months). 


>6 mths 


Figure 7.6 Broken upper end of a ureteric stent. It 
had been put in at open surgery and the presence of 
a holding stitch had not been recorded and it broke 
on attempted removal. 


The most extensive encrustation in which 
the whole stent is embedded in stone (grade 
V on the scale of Acosta-Miranda et al.) 
occurs in forgotten stents after 2 years or 
so. Progressively more complex endoscopic 
or percutaneous procedures are needed 
for stent extraction with more extensive 
encrustation. Acosta-Miranda et al. [24] 
have described a useful algorithm. Faster 
encrustation is associated with infection, 
a history of recurrent stone formation and 
dehydration. 


Stents are colonised with bacteria or 
fungi in up to 97% of cases [25]. Efforts to 
manufacture stents that resist colonisation 
have not been successful [26]. Different 
organisms may colonise different parts of 
the stent and may be different from those 
cultured from urine. The longer the stent is 
in situ the greater is the incidence of positive 
urine culture reaching nearly 50% after 90 
days of dwell time [27]. Although bacteria 
predispose to encrustation, a positive urine 
culture should only be treated if there are 
symptoms. Prophylaxis is likely to lead to the 
development of resistant organisms [28]. The 
incidence of symptomatic urinary infection 
is difficult to determine as many patients 
are given antibiotics in the community for 
irritable bladder symptoms probably unre- 
lated to bacteriuria. Systemic infection has 
been reported in 3.6% of adults and 10% of 
children. In the children’s series, the indi- 
cation for stenting was pyeloplasty which 
may itself have caused infection. The organ- 
isms cultured from blood or urine were not 
always the same as those found on the stents 
[29, 30]. 

It has been claimed that 80% of patients 
with indwelling stents have pain that affects 
their daily living, mostly in the urinary 
tract, but also affecting sexuality (32%) and 
preventing full-time work (58%). Although 
this study was meticulously performed, the 
indications for stenting are not given which 
makes it impossible to know whether patients 
requiring long-term stenting are so affected 
[31]. The clinical impression is that patients 
with long-term stents, especially those who 
have had chronic obstruction, have few if any 
symptoms. Bladder symptoms can be caused 
by stent migration or a lower coil that crosses 
the midline. They can be reduced with the 
use of stents with at least the lower coil made 
of a soft material [32]. Ureteric and, to a 
lesser extent bladder, pain can be reduced 
with alpha-blocking drugs [33]. The addition 
of anticholinergics does not help [34]. 

A clinical problem that has been the sub- 
ject of little research is the failure of a stent 
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to drain, manifested by declining renal func- 
tion. It is a phenomenon that can occur at any 
time after insertion. It has been found that, at 
least in a pig model, stents inhibit peristalsis 
but this does not act as a complete obstruc- 
tion; it does cause minor hydronephrosis 
[35]. The most obvious cause is that the 
stent is blocked or crushed by an obstruct- 
ing tumour. These possibilities can only be 
checked by passing a guide wire up the stent 
via a cystoscope or inserting a nephrostomy. 
It is occasionally found that a stent, although 
not obstructed, will not drain a kidney while 
a nephrostomy will do so. This may be 
because the column of urine in the drainage 
tube of a nephrostomy exerts a negative 
pressure while a chronically dilated renal 
pelvis is unable to generate enough pressure 
to push the urine down a stent [36]. In some 
patients, metal stents or two standard stents 
in tandem may resolve the problem [37]. The 
failure rate with the former is at least 28% 
and there are no firm data on the latter in this 
context [38]. 

There is a variety of metallic stents avail- 
able which are more expensive but last 
longer. There are few long-term results. 
Two series of 10 and 11 years of experience 
but with only a mean follow-up 15 and 16 
months, respectively, suggest that up to 25% 
have to be replaced. Expanding stents have 
been associated with fistulation from the 
ureter into bowel, vagina and major arteries 
in patients who have had radiation and/or 
major pelvic surgery [39]. Although many 
of the replacements were for symptomatic 
problems, urine culture and measurement 
of serum creatinine are necessary every 3 
months. Plain X-ray to detect encrustation 
or migration are needed twice a year [40, 41]. 

Long-term percutaneous nephrostomies 
are difficult to manage. The dressing over the 
puncture site has to be changed about every 
2 weeks by a clinician who understands the 
technique and can be trusted not to pull the 
tube out. The tube should be changed every 
6 weeks, but in practice deterioration of the 
tube and accidental removal are common 
reasons for putting in a new one. 
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Reconstruction with Urothelium 


The reconstructions using anastomosis of 
ureter to renal pelvis, ureter to ureter and 
ureteric re-implantation with or without a 
Boari flap are remarkably successful. Their 
follow-up and long-term outcomes are 
almost identical. Late stricture is rare unless 
there is progression of the underlying prob- 
lem, especially radiotherapy, schistosomiasis 
or tuberculosis. 

The function and appearance of the kid- 
neys after obstruction has been most studied 
in patients after repair of pelvi-ureteric 
obstruction. It seems likely that repair of a 
damaged upper ureter by essentially the same 
techniques, will have the same outcomes (see 
Chapter 4). The appearances on standard 
imaging do not usually return to normal but 
are improved in up to 90% and stable on 
follow-up at least to 5 years [42]. However, 
the outflow returns to a non-obstructed 
pattern but with sluggish transit (Figure 7.7). 

The clinical follow-up after TUU is sim- 
ilar. There is no significant change in the 
estimated glomerular filtration rate (eGFR), 
although the means for whole series do 
show marginal improvements such as 
81-83 mL/min. Pre-existing hydronephrosis 
may improve. The most important inves- 
tigation is a renogram to confirm absence 
of obstruction. As with the situation after 
pelvi-ureteric junction obstruction recon- 
struction, flow is sluggish but obstruction 
eliminated (Figure 7.8). Late obstruction 
is almost always caused by progression of 
malignancy. Occasionally, hydronephrosis 
is caused by ‘yo-yo’ reflux of urine from 
one kidney to other, unassociated with 
obstruction or loss of function [43]. 

In children in whom TUU is most often 
performed as a part of a complex recon- 
struction for congenital anomalies, normal 
calibre ureters remain normal and dilated 
ones improve or even return to normal in 
three-quarters of cases [44]. 

Progressive renal failure is only seen in 
patients with impaired renal function before 
surgery. A relief of obstruction may delay the 
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Figure 7.7 MAG3 renograms (a) before and 

(b) 1 year after left pelvi-ureteric junction repair. 
Note that the contribution of the left kidney to 
overall function has not changed significantly. being 
47% before surgery and 44% afterwards. The left 
kidney curve shows classic obstruction before 
surgery and sluggish transit but unobstructed 
pattern afterwards. 


onset of end-stage renal failure but does not 
prevent it occurring eventually. 

The same outcomes are found for re- 
implantation into the bladder either with 
a psoas hitch or with a Boari flap. The flap 
looks remarkably like a rather irregular 
ureter (Figure 7.9), although short ones 
look broader, similar to a rabbits ear (see 
Figure 8.9). About 80% of ureters and kidneys 
normalise or improve in appearance. Renal 
function outcomes are reported to be less 
good than with anastomosis higher up the 
ureter. Even in patients with normal renal 
function pre-operatively, deterioration may 
be found in up to 6% of patients, mostly 
men over 60 years old [3]. This finding is 
probably a result of case selection in a group 
of patients with complex diagnoses. The 
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Figure 7.8 MAG3 study after a right to left TUU (marked with a line in frame 8). Note that both kidneys are 
dilated and there is sluggish flow. Delayed picture at 1 hour (frame 10) shows good but incomplete clearance. 
There is no obstruction and the renal function remained normal. 


deterioration was not defined and seems not 
to be clinically significant. Long-term results 
in patients with the relatively simple lower 
ureteric injuries at surgery are lacking but 
late stricture of the anastomosis is seldom 
reported [45]. However, in the series of Noble 
et al. [5] six of 253 developed strictures of 
the distal host ureter because of progression 
of the original disease. 

For all of these repairs, therefore, follow-up 
is only required for any underlying progres- 
sive disease. If renal function is at or near nor- 
mal and renogram shows no obstruction at 1 
year, no further follow-up is needed for the 
ureteric reconstruction itself. 


Autotransplantation 


The most high risk of the options is 
autotransplantaion. In the series of 305 
transplants reported by Flatmark et al. [46], 
there was a 4% 90-day mortality. This high 


figure reflects the extensive co-morbidities of 
many of the patients who were often elderly 
and atherosclerotic [46]. Figures from two 
very experienced transplant centres give 
a graft loss rate of 3.6% and 8.7%, respec- 
tively, the latter figure being from a series 
exclusively of patients with ureteric damage 
[46, 47]. Other series report complication 
rates of Clavien III or above of 10-15% and 
occasional early graft failures [14, 48, 49]. 

The clinical follow-up for the surgical 
aspects of renal transplantation are covered 
in Chapter 2. With autotransplantaion there 
is no immunosuppression. The follow-up, 
therefore, is for renal function. Most series 
report on autotransplantation for all causes 
together and those for ureteric replacement 
alone are few. 

For all diagnoses, good data on the out- 
come of the autotransplanted kidney come 
from a series of 69 patients (of 305) who had 
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Figure 7.9 Retrograde X-ray of a Boari flap. It 
extends between the arrows. A guide wire is in place 
in the flap and ureter. Note that the lumen of the flap 
is larger than that of a normal ureter but not as large 
as the cystoscope (20 Fr). The lumen is somewhat 
irregular but there are no diverticula (see also 

Figure 8.9). 


only one functioning kidney. At follow-up 
from 6 to 108 months, 76% had stable renal 
function [46]. From another series of 52 
patients, four (8%) whose autograft survived 
the operation subsequently failed between 
15 and 48 months [13]. As late failure 
can occur, monitoring should continue for 
life. 


Intestin 


As with the other methods of ureteric 
replacement, ileum seems to work well with 
good long-term outcomes. On imaging, 
it looks much the same as an ileal con- 
duit (Figure 7.10). Imaging at 6 months to 
define anatomy can be by cystogram, mag- 
netic resonance imaging (MRI) urogram 
or computed tomography (CT) urogram 
(Figure 7.11). There is a tendency to make 
ileal ureters too long which increases the 
incidence of infection and may even cause 


Figure 7.10 Cystogram of a patient with a right ileal 
ureter (a) during filling and (b) after bladder 
emptying. Ureteric stents are still in place as these 
are taken early after surgery to confirm healing in a 
heavily irradiated pelvis. During filling there is free 
reflux into the ileal ureter but complete drainage 
after bladder emptying. 


obstruction by kinking. However, in some 
patients an excessively long ileal ureter 
causes no problems (Figure 7.12). 
Anastomotic stricture is rare, especially 
after the first year. Renal function is reported 
to remain stable (or improves) at least to a 
mean follow-up of 6 years except in patients 
who already have poor renal function [50, 
51]. In the series of Xu et al. [51], 22% of 
patients developed hyperchloraemic acido- 
sis but all had significantly impaired renal 
function before surgery. Measurement of 
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Figure 7.11 (a-d) Sagittal reconstruction of a CT IVU showing the typical appearance of a well-established ileal 
ureter (A, anastomosis; B, bladder; K, kidney; IU, ureter). The haustral folds have been largely lost as is normal 
when ileum is bathed in urine for more than 6-12 months. (e) MRI T2 urogram of a different patient showing an 


ileal ureter (U). 


chloride and bicarbonate can be confined to 
those who have poor renal function. 

There are inadequate data to recommend 
a follow-up protocol for intestinal onlay 
procedures or narrow tubes (appendix or 


Yang-—Monti). They are best regarded as 
experimental procedures and monitored by 
defined protocol. Cases have been followed 
for as long as 10 years without evidence of 
renal impairment. 
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Figure 7.12 MRI urogram showing an ileal ureter which is too long It is seen with loops (a) above and (b) 
behind the bladder (on the scout picture, labelled IU). Despite this, renal function was stable with a CrEDTA 
glomerular filtration rate of 45 mL/min/1.73 m? before surgery and 53 mL/min/1.73 m? two years later at the 
time of this MRI. The original obstruction was caused by radiation fibrosis. 
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Conservative and Reconstructive Bladder Surgery 


Pardeep Kumar 


Introduction 


The urinary bladder is fascinating in its abil- 
ity to heal following trauma or surgical insult, 
maintain function and adapt to changes in 
surrounding structures. Its position in the 
pelvis along with the proximity to adja- 
cent viscera makes it vulnerable to damage 
from radiotherapy, surgery and trauma. This 
chapter outlines the imaging appearances 
following various treatments and supplies 
rationale to follow-up regimens. 


Extravasation 


Endoscopy became commonplace in the 
twentieth century. All modern cystoscopes 
utilise an irrigant to distend the bladder and 
improve visualisation. A degree of transmu- 
ral absorption occurs with most procedures 
even in the absence of bladder perforation 
[1]. Risk factors for increasing ‘extravasation’ 
include previous therapy and high intrav- 
esical pressure (this may be secondary to 
irrigant pressure or poor bladder compli- 
ance). Following anything other than the 
most straightforward of procedures this 
results in oedema in the extravesical space 
which can make interpretation of the pelvis 
difficult on imaging in the early postoperative 
period (Figure 8.1). 


Figure 8.1 A coronal enhanced CT image ina 
patient who had undergone a transurethral 
resection of bladder tumour 48 hours previously. In 
the absence of any clinical perforation there is 
oedema of the bladder wall (arrow) and surrounding 
tissues in the extravesical space. Should accurate 
staging of the bladder wall be the aim then a 
pre-operative scan would have been more useful. 
Where this is unavailable, deferring imaging for 

2 weeks is usually sufficient to allow the oedema to 
resolve. 


Bladder Perforation 


When reported in a subjective manner, blad- 
der perforation is uncommon even during 
loop resection of bladder tumours (3% in a 
UK wide ‘snapshot’ audit of transurethral 
resection of bladder tumours, TURBT) [2]. 
When perforation is actively examined for 
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with a cystogram post resection it is detected 
in up to 58% of cases [3-5]. Clearly, the 
clinical relevance of perforation is depen- 
dent on the size of the defect as well as 
its position — dome and posterior wall 
injuries resulting in communication with the 
intraperitoneal cavity are likely to require 
more than just prolonged catheter drainage 
(Figures 8.2, 8.3 and 8.4). 

Extraperitoneal bladder injuries are usually 
managed conservatively. Small injuries from 
biopsy forceps appear to heal satisfactorily 
after 24 hours of catheter drainage and antibi- 
otics [4]. Larger defects and those in bladders 
where healing may be impaired (irradiation) 
or where intravesical pressures may be higher 
Figure 8.2 A sagittal CT in a patient who had than normal (chronic urinary retention) may 
undergone a radical hysterectomy 5 days previously. benefit from longer periods of drainage [5]. 


Severe abdominal pain at the time of catheter : , p 
removal raised the possibility of a bladder injury. CT Injury from blunt trauma requires still longer 


urogram with a catheter in situ shows a collection 
posterior to the bladder (white arrows). Interestingly, 
the balloon of the catheter appeared to sit in the 
defect stopping the contrast (black arrow) from 
passing into the posterior collection to confirming 
the diagnosis. 


Figure 8.3 An AP pelvis radiograph 30 minutes post Figure 8.4 A lateral view at cystogram in the same 
intravenous contrast administration in the same patient 6 weeks post repair. A persistent 

patient. This clearly demonstrated contrast within vesico-vaginal fistula is demonstrated (the vaginal 
the collection posterior to the bladder (arrows) contrast is shown by arrows). Cystoscopy 
confirming a lower urinary tract injury. Subsequent demonstrated a pinhole defect at the inferior aspect 
cystoscopy showed a 5-cm vertical midline defect in of the bladder closure. A soft-tipped hydrophilic 

the bladder which appeared to be an ischaemic guide wire passed into this showed communication 
injury. Both ureters were intact. At laparotomy a with the vaginal vault. This was successfully repaired 
layered closure was undertaken and omentum transvaginally 3 months following the initial 


interposed between the bladder and vaginal stump. hysterectomy. 


periods of catheterisation, particularly where 
there are associated bony injuries. Up to 25% 
of trauma patients managed with catheter 
drainage alone develop complications and 
many experts advocate operative repair of 
these if possible [6, 7]. 

Bladder injuries at the time of TURB 
present two immediate problems. The first 
is the need to manage the perforation and 
exclude concurrent injuries to adjacent vis- 
cera, the second is to deal with the risk 
of intra-abdominal tumour seeding. Small 
extraperitoneal perforations do not seem to 
infer a marked increase in tumour seeding 
and pelvic recurrence [5]. Tumours confined 
to the lamina propria (pTa) appear to have 
little risk of spread even with intraperitoneal 
perforation [8]. Locally advanced disease, 
however, is associated with a risk of seeding. 
Where possible, laparotomy, washout and 
bladder repair is advocated (Figure 8.5). No 
role for adjuvant chemotherapy in this group 
has been established [9]. 


Figure 8.5 A coronal T2-weighted MRI image ina 
patient who had undergone a transurethral 
resection of bladder tumour (TURBT) complicated by 
perforation. Tumour seeding occurred (arrows) with 
local invasion into the rectus sheath. Anterior 
exenteration with en bloc removal of the anterior 


abdominal wall was required to obtain clear surgical 
margins. A skin-sparing approach facilitated 
reconstruction with biological mesh. 


Conservative and Reconstructive Bladder Surgery 


Figure 8.6 T2 axial MRI image showing a 
thick-walled bladder with an extraperitoneal 
perforation on the left lateral wall. The defect is 
shown by an arrow; a small extravesical collection by 
the arrowheads. There is surrounding oedema which 
extends posteriorly to the rectum as well as 
encircling the bladder. An unrecognised perforation 
at the time of TURBT allowed intravesical mitomycin 
used postoperatively to escape into the pelvis. 
Severe immediate pain at the time of instillation 
persisted until anterior exenteration was carried out. 
Findings at surgery included obliteration of normal 
tissue planes in the pelvis and a dense fibrosis 
extending up into the retroperitoneum. 


Intravesical mitomycin C is currently 
recommended in the immediate postoper- 
ative setting as a means of reducing local 
recurrence rates following endoscopic blad- 
der cancer surgery. As outlined earlier, many 
patients have unrecognised small perfo- 
rations at the time of TURBT [3-5]. It is 
therefore unsurprising that a proportion of 
patients develop the devastating complica- 
tion of mitomycin extravasation (Figure 8.6) 
[10, 11]. 


Reconstruction Following 
Ureteric Injury and Partial 
Cystectomy 


Both benign and malignant conditions of 
the bladder can sometimes be managed with 
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Figure 8.7 (a) T2 axial MRI image showing a solid tumour lying within a left-sided bladder diverticulum. This 
squamous cell cancer was locally advanced and impinging on the ipsilateral ureter. Partial cystectomy and 
ureteric re-implantation into a Boari flap achieved clear surgical margins. (b) Cystogram 1 week later in the 
same patient. A persistent leak (arrow) at the inferior portion of the bladder closure was managed by a further 
2 weeks of catheterisation. (c) Cystogram taken on the day of catheter removal. The leak had resolved. Despite 
initial functional volumes being only 150 mL per void, at 6 weeks this had risen to 300 mL. 


partial cystectomy, with ureteric re- 
implantation where required. If enough 
healthy bladder is available, patients can 
expect to regain near-normal capacity over 
6-8 weeks. Should the pelvis have been 


irradiated, the bladder may not regain 
normal capacity and consideration is given 
to a concurrent augmentation procedure. 
Follow-up schedules for the reconstruction 
itself are tailored to the individual situation. 


In most patients, an early ultrasound (US) 
following removal of all catheters, drains 
and stents acts as a baseline for future 
examinations. It also serves to highlight 
the early complication of stenosis at the 
re-implantation site. The relationship of any 
upper tract dilatation to bladder volume 
should be noted. A dilated renal pelvis with 
a full bladder is normal with a refluxing 
anastomosis but should be seen to resolve or 
improve following voiding [12]. 

The effect of pelvic radiation on the uri- 
nary tract can be severe and progressive. 
Over time short strictures become long 
ones; unilateral disease becomes bilateral. 
Because of this, follow-up is prolonged 
after reconstruction in this scenario. US 


Figure 8.8 Cystogram at the time of catheter 
removal 2 weeks following excision of a 20-cm pelvic 
schwannoma. The Boari flap in this case extended to 
the upper-mid ureteric junction. With downward 
nephropexy and a large capacity bladder it is 
possible to carry out replacement of the entire 
ureter utilising this technique [14]. The appearance 
of a Boari flap is variable; in this image it looks as if 
the ‘flap’ is in fact just a psoas hitch of the bladder; in 
Figure 8.7 it has almost the typical ‘rabbit's ear 
appearance, while in Figure 7.9 it looks like a narrow, 
irregular tube. All of these are variations of normal. 
Source: Mauck et al. (2011) [14]. Reproduced with 
permission of Elsevier. 


Conservative and Reconstructive Bladder Surgery 


Figure 8.9 T2 axial MRI image showing a fibrotic, 
strictured segment of left ureter (arrows) ina 
30-year-old woman 1 year post external beam and 
brachytherapy for cervical cancer. The most distal 
ureter is more normal in calibre but still thickened 
(arrowheads). The adjacent uterus shows typical post 
treatment change. The proximal ureter was dilated; 
at the time of surgery, fibrotic change was noted 
over a much longer segment of ureter necessitating 
a ureteric re-implantation using a psoas hitch. 


Figure 8.10 This enhanced axial CT image shows 
eccentric bladder thickening in a 79-year-old patient 
3 years post radical radiotherapy for bladder cancer. 
Bilateral hydroureter was present secondary to lower 
ureteric fibrosis. Eventually she underwent 
supravesical diversion into an ileal conduit. Her 
bladder remains under cystoscopic surveillance and 
has contracted down to around 50 mL in capacity. 
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remains the investigation of choice and 
should be carried out annually in the absence 
of signs of progression such as flank pain and 
haematuria. 

At the end of the nineteenth century 
Boari described a procedure to reconstruct 
the lower ureter utilising a bladder flap 
(Figures 8.7 and 8.8 on page 104) [13, 14]. 
Satisfactory bladder capacity is usually esti- 
mated at pre-operative cystoscopy (see also 
Chapter 7). 


The Irradiated Bladder 


Neoadjuvant chemotherapy followed by 
radiotherapy is a recognised treatment 
for muscle invasive bladder cancer with 
equivalent outcomes to cystectomy in highly 


selected patients [15]. Imaging of the bladder 
following this can be difficult to interpret 
even years following completion of treat- 
ment. Bladder wall thickening because 
of fibrosis can be asymmetric, mimicking 
appearances of recurrent disease (Figures 8.9, 
8.10 on page 105 and 8.11). 


Complications After Posterior 
Exenteration 


The bladder and lower ureters remain at risk 
during posterior exenteration for gynaeco- 
logical and colorectal malignancy. Many of 
these patients undergo pre-operative radio- 
therapy to downstage their tumours. This 


Figure 8.11 Sagittal view of the abdomen and pelvis 
of a patient who has undergone radical radiotherapy 
for high risk prostate cancer and subsequent high 
dose rate (HDR) brachytherapy for recurrence. He 
developed severe pelvic radiation disease with 
radionecrosis of the prostatic urethra and pelvic 
sepsis complicated by symphisis pubis osteomyelitis. 
He eventually required supravesical diversion into an 
ileal conduit. One year postoperatively he developed 
a pyocysitis prompting this MRI. Layering of material 
in the remnant bladder (arrows) is seen on the 
sagittal T2 image, along with tracking anteriorly via 
his previous suprapubic catheter site (arrowheads) 
which required drainage and antibiotics. He went on 
to completion cystectomy after resolution of this 
bout of pyocystis. 


Figure 8.12 Axial T2-weighted MRI in a patient who 
has undergone salvage surgery in the setting of 
anastomotic recurrence following anterior resection 
of rectal tumour. Pre-operative radiotherapy 
downstaged the recurrence and an RO resection was 
achieved. Unfortunately, an area on the posterior 
aspect of the bladder and lower left ureter necrosed 
in the postoperative period resulting in the fistula 
demonstrated in this image (arrows). There is a Foley 
catheter in the bladder. Ureteric continuity was 
restored via a ‘rendezvous’ type procedure - a 
simultaneous antegrade and retrograde ureteric 
stent placement. The bladder was kept empty for a 
6-week period while the fistula healed. The patient 
remains stent dependent. 


often causes medial deviation of the lower 
ureters as they are drawn in by the resulting 
fibrotic process. Where preservation of the 
anterior structures is attempted, early com- 
plications including stricture and fistulation 
may occur (Figure 8.12). 


Conclusions 


The bladder is a forgiving organ. It can be 
changed in shape and position and it will 
still perform its role in the safe storage and 
evacuation of urine. Long-term follow-up is 
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Bladder Augmentation in Children 
Paddy Dewan and Padma Rao 


Introduction 


A bowel segment was first used for bladder 
augmentation on 12 May 1898 by Rutkowski 
from Krakow. Many technical variations of 
the detubularised isolated bowel loop have 
since been clinically applied. The indica- 
tions for enterocystoplasties have expanded, 
and various bowel segments such as ileum 
[1, 2], ileum plus caecum [3, 4] caecum 
[5, 6] and sigmoid colon [7, 8] have been 
shown to produce comparable functional 
results [9, 10]. 

In the recent past these developments have 
been supported by anticholinergic drugs, 
clean intermittent catheterisation (CIC) [11], 
creation of catheterisable channels [12, 13] 
and advanced management of bladder out- 
let resistance by endoscopic augmentation 
techniques [14, 15] or the use of artificial uri- 
nary sphincter systems [16]. There are risks 
and complications related to the technique 
employed, the nature of the underlying blad- 
der pathology and the generality of bladder 
enlargement. 


The Procedures 
Augmentation with Ileum or Colon 


The standard procedure for making the blad- 
der larger and reducing its intrinsic pressure 
is to open it sagittally or coronally and putina 
gusset of bowel. The operations are given the 
general title of ‘clam’ cystoplasty. 


Gastrocystoplasty 


The problems generated by the use of ileum 
prompted experimental and then clinical 
use of stomach as a patch. Extensive work 
has been carried out on the risks of gastro- 
cystoplasty [17-20]. Possible benefits of acid 
secretion in the urine are confounded with 
adverse effects of the acid urine, with marked 
symptoms from acid in the bladder and 
urethra the most important complication in 
gastrocystoplasty patients [21]. As long-term 
follow-up is still lacking in humans, only 
studies in rats indicate the risk of metaplasia 
in both the adjacent urothelium and the 
incorporated segment of gastric mucosa 
[17], warranting lifelong follow-up for gas- 
trocystoplasty patients. Nevertheless, for 
selected patients, and children in particular, 
there is increasing evidence that the major- 
ity of reported gastrocystoplasties improve 
urodynamic bladder function and clinical 
behaviour of the patients [22, 23]. This suc- 
cess, in rather difficult clinical situations, 
together with a reduced overall risk has to be 
appreciated, but, all the same, the procedure 
has limited applicability. 


Seromuscular Cystoplasty 


As many of the complications of cystoplasty 
are caused by the mucosa of the bowel seg- 
ment employed, there have been several 
attempts to use de-epithelialised segments 
[24]. Unfortunately, there has been lim- 
ited success because of the slow growth of 
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urothelium which allows inflammation and 
fibrosis of the patch, resulting in shrinkage. 
Also, calculi formation and regeneration of 
the bowel mucosa occur. 


Auto-augmentation 


The removal of a patch of detrusor muscle, or 
incision of the detrusor, was first described 
by Huggins in 1931. Several groups reported 
good results with this technique in a number 
of children [25] and adults. In our laboratory, 
in a sheep model, auto-augmentation covered 
with omentum resulted in no long-term aug- 
menting effect [26, 27]. In the largest series 
to date, Stohrer et al. [28] reported their 
experience from a spinal cord injury/disease 
centre in Germany. Forty-three patients 
with various spinal cord pathologies were 
managed with auto-augmentation. Much 
more consistent and impressive changes in 
bladder storage were found than in paediatric 
series. Mean bladder capacity went from 121 
mL (range 20-300 mL) to 406 mL (range 
200-600 mL), while compliance rose from 
7.1 (14-30) to 29.3 (range 12-62). 
Auto-augmentation alone is not appli- 
cable to patients with a small contracted 
bladder (Figure 9.1), bladder exstrophy or a 
markedly trabeculated bladder (Figure 9.2). 
Auto-augmentation backed by either demu- 
cosalised stomach or colon has proved 
successful. In particular, the backing reduces 
the risk of adverse changes to the auto- 
augmented bladder in the long term. Dewan 
et al. [29-31] used seromuscular segments 
from stomach or colon first in a sheep model 
and then in patients with good results. Other 
backings have been attempted, but have not 
endured the test of time. Tissue engineering 
techniques may be used in the future. 


Uretero-cystoplasty 


Reconstruction of the urinary tract would 
ideally be carried out with urothelial tissues. 
Surplus ureter is sometimes available. The 
ideal patient is one with a non-functioning 
kidney with high grade vesico-ureteric reflux 
that is concurrently resolved during the 


Figure 9.1 Contrast study outlining a small volume, 
irregular trabeculated bladder which is unsuitable 
for auto-augmentation because of the need for an 
adequate urothelial diverticulum formation, as is the 
case for most exstrophy bladders; the latter would 
show a flat bladder base. Incidental note is also 
made of spina bifida and severe bilateral hip 
dysplasia with bilateral hip dislocation. 


Figure 9.2 The marked trabeculation of the bladder 
suggests that techniques that involve 
auto-augmentation would be difficult. 


procedure. It is particularly appropriate for 
children less than 2 years old in whom clams 
with any bowel segment are best avoided. 
Originally, both the renal pelvis and the 
megaureter were thought necessary to 
ensure an adequate increase in bladder 
volume. More recent studies have shown 
that the lower two-thirds of a dilated ureter 
provide a considerable increase in bladder 
capacity, allowing for preservation of the 
ipsilateral kidney. Several techniques have 
been reported. Importantly, it can be car- 
ried out via an extraperitoneal approach 
which avoids the risk of contamination of 
existing ventriculo-peritoneal shunts and 
facilitates subsequent peritoneal dialysis. 
Also, in the female, there is no pedicle 
to interfere with a caesarean section if 
required in later years. The extraperitoneal 
approach can also be used to perform a 


Figure 9.3 Pre-operative cystogram demonstrating 
small volume, trabeculated bladder (A), and high 
grade, bilateral vesicoureteric reflux outlining dilated 
tortuous ureters. The upper ureters can be seen to 
overlap (B), indicating that the ipsilateral and 
contralateral ureters can be joined via a lateral 
approach. 
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combination of uretero-cystoplasty and the 
trans-uretero-ureterostomy, by anastomos- 
ing the two ureters retroperitoneally [32]. 
The ability to join the two ureters via a lat- 
eral approach is understandable by noting 
that ureters can be seen overlapping on 
a cystogram (Figure 9.3). Thus, the bene- 
fits of the extraperitoneal approach can be 
achieved while preserving the function of the 
ipsilateral kidney (Figure 9.4). 

Both ultrasound (US) (Figure 9.5) and 
cystography (Figure 9.6) can be used to 
assess the adequacy of the ureter for bladder 
augmentation. 

Although uretero-cystoplasty may not 
provide the same increase in bladder volume 
as can be expected from enterocystoplasty, 
intra-abdominal, bowel mucosal and nutri- 
tional consequences of standard cystoplasty 
are avoided. Mucus is not formed by urothe- 
lium, most children can void normally and 
have a low incidence of infection. Stones are 
very rare. It is presumed that there will be no 
increased risk of malignancy. 


Clinical Follow-up 


The clinical follow-up for bladder augmenta- 
tion relates to the component parts that are 
used for the bladder enlargement, continence 
and renal status. The investigation of the 
bladder pertains to its function, the lining of 
the bladder and the metabolic impact on 
the patient of the segment used to aug- 
ment the bladder. It should be standard 
practice to follow-up patients who have 
had urinary tract reconstructions for 
life. In the case of children, appropriate 
arrangements must be made for transition to 
adult care. 

The ureteric catheters are usually removed 
at 10 days. The suprapubic catheter is 
clamped at 3 weeks for trials of voiding. 
A patient with an augmented bladder should 
always be expected to need CIC, accepting 
that patients who do not have a neuropathic 
bladder may be able to void spontaneously. 
CIC is started if proper voiding is not 
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Figure 9.5 The upper ureter and pelvis can be 
assessed with an ultrasound (US) of the upper tract; 
in this case the dilated calyces (A) and dilated ureter 
(B) are noted, and help to gauge the suitability of the 
ureter for uretero-cystoplasty. 


established, a process that should be facil- 
itated by training prior to surgery. If a 
continent stoma is formed as part of the aug- 
mentation, the stomal catheter is removed 
and CIC commenced via the Mitrofanoff 
conduit. The suprapubic catheter remains 
in place until CIC is well established, then, 
on the day of the removal of the suprapu- 
bic catheter, an indwelling catheter is left 
in situ via either the urethra or Mitrofanoff 
overnight, and overnight for the next 4 weeks. 


Figure 9.4 At operation 
(same patient as in 
figure 9.3), through a left 
lateral wound, in the 
extraperitoneal plane, 
both ureters can be seen 
with slings around them, 
the left on right and the 
right on the left of the 
image. 


ME 


Figure 9.6 The existence of vesico-ureteric reflux on 
a cystogram also allows for the size of the ureters 
and the suitability of the ureter for 
uretero-cystoplasty to be assessed. 


A cystogram to understand the initial 
anatomy is appropriately performed prior to 
the removal of the suprapubic catheter. US of 
the upper urinary tract can be deferred until 
4 weeks after the procedure, provided the 
clinical course is satisfactory. Any suggestion 


of sepsis should prompt an early US to check 
the kidneys and review for a leak. 

A urodynamic study is deferred until 3 
months after the procedure, when the need 
for continuing anticholinergic medication 
can be considered; in some cases it may 
need to be continued, noting that some of 
the improvement in bladder performance 
occurs over time because of decreased work 
hypertrophy of the native bladder. 

A suggestion of late or early leak from the 
bladder is investigated with a combination of 
radiological techniques. However, small leaks 
can be hard to find and may not be bother- 
some; investigation must be governed by the 
clinical situation. 

Antibiotic prophylaxis in the first 4 weeks 
is advocated, but thereafter, other than when 
there is febrile sepsis, positive urine cul- 
tures should be managed with improved 
bladder drainage and increased fluid 
throughput. 

Importantly, when bowel mucosa is incor- 
porated into the bladder, the patient and 
family should be made aware of the risk of 
bladder perforation. 


Postoperative Imaging 


In the postoperative period, imaging is aimed 
at ensuring the bladder is water-tight, the 
upper tracts are stable and there are no 
leaks from any anastomoses (Figure 9.7). In 
the long term, imaging aims to monitor for 
complications in the asymptomatic patient. 

A cystogram is usually performed at 3 
weeks to 1 month post surgery, prior to 
the instigation of CIC. If an upper tract 
anastomosis has been performed as part of 
the procedure, a contrast study via either a 
nephrostomy or ureteric catheter is under- 
taken, usually prior to the study of the 
bladder, and most often at about 10 days 
postoperatively (Figure 9.7). 

In patients who have had bladder augmen- 
tation as part of a secondary closure of blad- 
der exstrophy, with a bladder neck repair, a 
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Figure 9.7 The postoperative image of the 
anastomosis between the left and right ureters 
(arrow) can be achieved via either a nephrostomy or, 
most usually, a transvesical ureteric catheter. 


contrast study of the urethra is also under- 
taken. 

Video-urodynamic studies are usually 
reserved until at least 3 months after the pro- 
cedure and, depending on clinical progress, 
would appropriately be repeated 1 year after 
the bladder enlargement (Figures 9.8, 9.9 and 
9.10). 

US is the best investigation for long-term 
monitoring and can be compared with 
pre-operative studies. The initial study 
should be at 3 months and then according to 
progress, but certainly annually in the first 
instance. 

Other radiological studies may be required. 
Renal status and function are assessed 
biochemically, with nuclear medicine investi- 
gations if needed. Stone disease or suspected 
bladder perforation can be assessed by 
CT (Figure 9.11) or contrast radiography 
(Figure 9.12). 
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Figure 9.8 A cystogram of the bladder after 


uretero-cystoplasty demonstrates the mid portion of 


the bladder, formed by the ureter, as a smooth 


dome-shaped connection (arrow) between the two 


lateral portions that are the native bladder, which 
was seen to expand as the lateral bladder 


components contracted during a urodynamic study. 


Figure 9.9 The irregular bladder of an ileo-caecal 
augment can be seen in the early postoperative 
contrast study via a suprapubic catheter that is 
performed to exclude a leak prior to removal of the 
suprapubic catheter. 


Figure 9.10 The hourglass arrangement of the 
bladder (B) and ileal patch (Aug) can occur from 
insufficient incision of the bladder, with contraction 
of the anastomosis (arrowed). 


Figure 9.11 CT scanning has become the 
mainstream investigation for calculi in adults, but 
should be used sparingly in children because of the 
high radiation burden. Coronal CT image of the 
abdomen and pelvis demonstrates a bladder stone 
(arrow). 


Figure 9.12 Image from an intravenous urogram 
demonstrates the presence of a large bladder 
calculus (arrow), best seen during the early phase of 
the study prior to contrast filling the urinary bladder. 


Complications 
of Enterocystoplasty 


Metabolic and Electrolyte Disorders 
(see also Chapter 11) 


Ion absorption and the subsequent develop- 
ment of metabolic abnormality are affected 
by the type of gut segment used and the 
amount of absorptive surface exposed to 
urine. Electrolytes move across and between 
the gut mucosal cells by both active and 
passive transport systems. Chloride and 
ammonium are selectively reabsorbed 
from the urine resulting in hyperchlo- 
raemic metabolic acidosis [33]. Water moves 
between the cell junctions according to an 
osmotic gradient, affected by the tightness 
of the cell junctions. Moving distally down 
the bowel segments, the cell junctions allow 
less and less water loss, such that the colon is 
rather impermeable to water. In contrast, the 
loose cell junctions of the jejunum allow mas- 
sive water loss, contributing to the serious 
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metabolic complications demonstrated in 
patients with jejunal conduits. 

Early reports of metabolic complica- 
tions after enterocystoplasty implicated 
pre-existing renal insufficiency [34]. In a 
large series of both paediatric and adult 
patients followed long-term after augmen- 
tation with ileum, colon, caecum or tubular 
sigmoid, Mitchell and Piser [35] reported 
mild hyperchloraemia developing in all 
groups regardless of type of bowel segment 
used. However, acidosis only developed in 
those patients with renal insufficiency. 

In a prospective study of 48 paediatric and 
adult enterocystoplasty patients, Nurse and 
Mundy [36] measured electrolyte absorption 
in the augmented bladders after intravenous 
administration of radio-labelled isotopes. 
They reported hyperchloraemia in 26% of 
patients with ileo-cystoplasties. All patients 
had abnormal blood gases, with the majority 
demonstrating metabolic acidosis with res- 
piratory compensation. There was a trend 
toward decreased reabsorption with time 
after surgery in patients who had under- 
gone reconstruction with ileum, but not 
in patients with ileo-caecal segments. The 
authors suggest that this may reflect villous 
atrophy in the ileal segment, as previously 
described in ileal conduits and continent 
reservoirs [37]. However, the data are not 
serial measurements on the same patient 
and no conclusions regarding the natural 
history of the gut mucosa in each patient 
can be reached from this study. Although 
increased time of exposure of gut mucosa 
to urine would seem to increase the risk for 
metabolic changes, they found that augmen- 
tation cystoplasties had no greater risk of 
metabolic abnormality than that seen with 
bowel conduits that drain continuously [36]. 


Stones 


Urinary tract calculi are a potentially seri- 
ous complication of enterocystoplasty. 
Pyelonephritis, multiple operations and 
even death are reported in two large series 
addressing urolithiasis after bladder aug- 
mentation in children [38]. Adult series of 
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enterocystoplasty have either not mentioned 
calculi as a complication or have found a low 
incidence in their patient population [39]. 
The reported incidence of stone formation 
after augmentation in children ranges widely 
from 3% to 52% [38, 40]. 

The aetiology of stone formation in patients 
with urine stored in bowel is multifactorial 
(see Chapter 11). Both the underlying con- 
dition of the patient and the type of urinary 
reservoir are relevant. Studies of the inci- 
dence of stones in reconstructed patients do 
not always take these factors into account 
and not all of the predisposing factors are 
present in patients with clam augmentations. 

Metabolic abnormalities may be unre- 
lated to the reconstruction. Palmer et al. 
[41] analysed 24-hour urine tests in their 
stone-formers and found hypocitraturia 
to be the only abnormality. The children 
were treated with oral potassium citrate and 
no recurrence of urolithiasis was noted. 
Post-augmentation upper tract stones 
occurred in 3 of 26 stone-formers (12%), 
with no patients in the series admitting to 
pre-augmentation urolithiasis [41]. 

Within the reservoir the surface area 
of intestine is less with a clam than with 
complete bladder replacements. Therefore, 
predisposing factors related to bowel are 
lessened. In those with gastric or ureteric 
clams stones are very rare. 

Persistent bacteriuria is a leading cause 
of stone formation after enterocysto- 
plasty. Bladder stone composition after 
augmentation with bowel in children 
is predominately apatite struvite and 
ammonium urate. Struvite was the major 
component in ileo-cystoplasty stones while 
ileo-caecocystoplasties had the highest com- 
position of ammonium urate stones in the 
series reported by Blyth et al. [38]. 

Urine stasis predisposes many patients 
to infection and subsequent stones. Urine 
is commonly retained in augmented blad- 
ders because of abnormal bladder contour 
and inefficient drainage. This situation is 
worsened by increasing bladder capacity and 
less frequent intermittent catheterisation by 


some patients. The data of Blyth et al. [38] 
suggest that Mitrofanoff drainage may be a 
further risk factor for stone formation, with 
one-third of their reported stone patients 
emptying via an appendico-vesicostomy. 
They found urinary tract calculi in 30% of 
87 children with bladder augmentation or 
substitution. The majority had undergone 
sigmoid colocystoplasty and almost half 
emptied through a Mitrofanoff catheterisable 
conduit [38]. Stones recurred in 20%. 

The use of small drainage catheters and the 
dependent position of the bladder relative to 
the catheterisable channel may result in poor 
drainage of mucus, which can be seen on US 
(Figure 9.13). Retention of mucus in the aug- 
mented bladder is common and appears to 
contribute to infection and stone formation 
in some patients. Daily irrigation with 300 
ml of tap water was shown to decrease the 
incidence of stone formation in children with 
bladder augmentation [42]. 

In a large series of bladder augmentation 
in children and young adults, Hendren and 
Hendren [40] reported stones as their most 
common postoperative complication, occur- 
ring in 23 of 129 patients (18%). Almost 
75% of the stones occurred after caecal 
cystoplasty and half occurred on staples 
of an anti-reflux nipple. Non-absorbable 
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Figure 9.13 An US can be used to find calculi in the 
renal tract. The US image demonstrates echogenic 
mucus adherent to the bladder wall (arrow), often 
the forme fruste of calculi. Absence of an acoustic 
shadow confirms that it is not (yet) a stone. 


materials should not be used in urinary tract 
reconstructions. However, even absorbable 
staples may precipitate stones. Palmer et al. 
[41] found absorbable staple ‘ghosts’ within 
bladder calculi as well as calculi attached to 
metal staples. 

The background incidence of reservoir 
stones in patients with an ileal clam and 
no other relevant factors is probably about 
3% at 4 years. Attention to stone preven- 
tion is essential. Antibiotic prophylaxis is 
not recommended except in patients with 
vesico-ureteric reflux. Inhibition of the ure- 
ase reaction by acetohydroxamic acid therapy 
(where available) has not been adequately 
tested [38]. Diligent catheterisation with 
thorough bladder emptying must be rein- 
forced regularly. Recurrent stone formation 
is common and is an indication to change 
bladder management. 


Bladder perforation after augmentation is a 
rare but life-threatening event. It can be diag- 
nosed on CT and MRI (Figure 9.14), but US, 
which is the appropriate initial investigation, 
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Figure 9.15 A bladder leak after augmentation may 
have variable clinical presentation and in severe 
cases the patient may present with generalised 
peritonitis. The US image demonstrates the presence 
of a defect in the bladder wall (arrow) confirming the 
presence of a perforation. 


can also be diagnostic (Figures 9.15 and 
9.16). Delay in diagnosis because of lack of 
normal sensation in many patients undergo- 
ing enterocystoplasty, combined with lack of 
suspicion on the part of managing physicians, 
has resulted in death in some patients [43]. 


Figure 9.14 (a) When a bladder leak does occur, which is relatively rare, it usually occurs from the junction of 
the bladder and bowel mucosa, and can be difficult to diagnose, usually requiring CT scanning. Coronal CT 
cystogram image of the abdomen and pelvis demonstrates a small beak of contrast emanating from the 
bladder dome (arrow) confirming the site of the leak. (b) Coronal CT image of the same patient as in (a) taken 
more anteriorly demonstrates a small collection of contrast around the caecal pole (arrow) confirming the 
presence of the bladder leak. 
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Figure 9.16 (a,b) Doppler study of the perforation of the bladder demonstrates flow from urine moving from 
within the bladder into the extravesical collection (red flare), with the flow reversing (shown by the reduction 
of the red flare in the extra vesical collection) with increasing abdominal pressure confirming the frank 
perforation. Cystogram alone may give a false negative image even when other modalities confirm that a leak 


is present. 


The aetiology of bladder perforation 
remains uncertain. In the 90 paediatric per- 
forations reported in the literature since 
1977, 78 (87%) occurred in patients with 
a neurogenic bladder [44]. Eighty-seven 
per cent occurred in patients on CIC, with 
failure to catheterise documented in almost 
20%. These patients with poor sensation and 
competent bladder necks are at high risk for 
developing asymptomatic over-distension of 
the augmented bladder. 

Data concerning the risk for rupture in 
each type of augmentation are conflicting. 
It has been reported in all enteric segments, 
with an incidence of 5-7% reported in the 
largest series and so all must be considered 
to be at risk. Approximately half of the perfo- 
ration cases in the literature were surgically 
explored. Of these cases, 72% demonstrated 
rupture through the bowel segment while the 
remainder ruptured through the anastomotic 
zone. Rupture within the first 4 months is at 
an anastomotic site in 80% [43]. 

Children with bladder perforation present 
with a variety of signs and symptoms ranging 
from silent urinoma to florid sepsis and 
shock [43]. Abdominal pain or radiating 
shoulder pain are common secondary to 
peritoneal irritation but may be absent in the 
myelomeningocoele patients with decreased 


abdominal sensation. Silent or painless pre- 
sentation may be caused by loculation of 
the leak and may explain why some patients 
have been managed successfully with per- 
cutaneous drainage only. The cystogram has 
been the most commonly used diagnostic 
tool for perforation but has a 20% false 
negative rate [44]. A high index of suspi- 
cion for perforation in any augmentation 
patient should be maintained and immediate 
surgical exploration initiated in gravely ill 
patients. Delay in diagnosis and failure to 
adequately resuscitate the patient can lead to 
a rapid downhill course and death [43]. 


Neoplastic Progression 


Interest in neoplasia in urinary reservoirs 
was stimulated by the high incidence found 
in patients with uretero-sigmoidostomies 
(see Chapter 11). In that human model and 
supported by animal studies, four com- 
ponents were necessary to maximise risk: 
an anastomosis between, and therefore 
the presence of, intestine and transitional 
urothelium, urine and stool. Together, these 
gave rise to an anastomotic cancer. In the 
case of a clam cystoplasty, three of these are 
present. In addition, both the bowel segment 
and the native bladder may have a malignant 


potential which is increased by the presence 
of urine. It is not surprising therefore to find 
in a 1996 literature review that 13 of the 16 
cases (80%) were anastomotic [45]. 

A range of other malignancies has been 
reported both in the bladder and intestinal 
segments. In many of the reports up to 1996 
the augmentation had been carried out for 
chronic inflammatory conditions such as 
tuberculosis and bilharzia. It is not possible 
to give a specific risk for patients with an 
augmentation, least of all for any particular 
bowel segment. Extrapolation from data on 
all types of reservoirs suggests that it is only 
marginally increased from normal. 

From the clinical point of view it must be 
remembered that cancer can occur with a 
clam cystoplasty and it may be at a younger 
age than normal. Screening with regular 
cystoscopy or examination of urine cytology 
has not been successful, with most tumours 
found in the screening intervals. These are 
rapidly progressive and often fatal. The 
best defence is for patients, their families 
and their doctors to respond rapidly and 
appropriately to the standard symptoms of 
urological cancer and to any other suspicious 
change in reservoir behaviour. 


Unique Complications 
of Gastrocystoplasty 


Hypochloraemic Metabolic Alkalosis 


Stomach mucosal segments placed into the 
urinary tract retain the ability to secrete 
hydrogen ions. The parietal cells respon- 
sible for hydrochloric acid secretion are 
found in the body and fundus of the bladder 
and are always present in the traditional 
gastric augmentation wedge. Metabolic 
abnormality after gastrocystoplasty occurs 
less frequently than after augmentation 
with bowel segments. However, several 
authors have reported severe hyponatraemic 
hypochloraemic metabolic alkalosis after 
gastrocystoplasty including Ganesan et al. 
[46] who reported it in 9 of 73 patients (12%) 
with one patient requiring take-down of the 
gastric segment. 
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Excess systemic bicarbonate is typically 
excreted by the kidneys into urine and the- 
oretically neutralises acidic urine. Early 
reports of metabolic complications after 
gastrocystoplasty occurred in renal fail- 
ure patients, leading to speculation that 
impaired renal excretion of bicarbonate 
was the cause of metabolic alkalosis [47]. 
Subsequent series have described serious 
post-gastrocystoplasty metabolic alkalosis 
in patients with normal renal function [48]. 
These patients experienced hyperchloraemia 
and hypocalcaemia secondary to vomiting 
and hydrochloric acid loss from the stom- 
ach flap. With potassium depletion, renal 
bicarbonate reabsorption can be increased, 
perpetuating the alkalosis that began with 
acid loss. 


Hypergastrinaemia 


Several authors have reported hypergastri- 
naemia in patients with metabolic alkalosis. 
In the in situ stomach, distension and 
increased intraluminal pH stimulate gastrin 
secretion from the antral G cells. Hydrochlo- 
ric acid is then secreted by parietal cells in 
response to circulating gastrin. Augmenta- 
tion using the antrum of the stomach might 
then be expected to result in increased acid 
secretion into the urine with bladder dis- 
tension. The experimental and clinical data 
are conflicting. Tiffany et al. [49] described 
severe hypergastrinaemia after antral gas- 
trocystoplasty in dogs. However, Lim et al. 
[50] reported 13 children with an antral 
gastrocystoplasty and normal gastrin levels. 
If incomplete denervation of the stomach 
flap occurs with mobilisation then, theoret- 
ically, retained G cells in the augmentation 
flap would secrete gastrin in response to 
bladder stretch. Retained antrum in the gas- 
trocystoplasty wedge is usually avoided when 
the gastrocystoplasty wedge popularised by 
Adams et al. [51] is used as it avoids the lesser 
curve of the stomach. However, variable dis- 
tribution of G cells is possible and selection 
of the wedge is sometimes more dependent 
on the distribution of vessels feeding the flap 
than the exact location on the stomach. 
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Again, there are conflicting data regarding 
the role of gastrin in post-gastrocystoplasty 
aciduria when the augmentation flap is 
harvested from the body of the stom- 
ach. Muraishi et al. [52] found elevated 
serum gastrin levels 3 months after gas- 
trocystoplasty in dogs, but no persistence 
of hypergastrinaemia. These animals did 
develop mucosal erosions and ulceration 
in the augmented native bladder but no 
similar changes in the gastric mucosa. In a 
prospective study of gastrocystoplasties from 
the body of the stomach, Bogaert et al. [53] 
investigated gastrin secretion in response to 
bladder and stomach distension. They found 
an increase in serum gastrin after stomach 
distension with food, but no increase in 
acid secretion or serum gastrin with bladder 
distension. Urinary pH fell and titratable 
acids increased in parallel to serum gastrin 
increase. These data support the theory 
that gastrin secretion from in situ stomach 
acts on gastrocystoplasty parietal cells to 
produce acid. 


Haematuria-Dysuria Syndrome 


Haematuria-dysuria syndrome is a com- 
plication unique to bladder augmentation 
with full thickness stomach flaps. Strictly, 
it is defined as dysuria and haematuria (in 
the absence of infection), skin irritation or 
excoriation and suprapubic or perineal pain. 
Typically, the symptoms are mild and do not 
require medication, but the problem can be 
severe enough to require take-down of the 
gastric segment [47]. 

Since these early reports several authors 
have speculated on the possible aetiology of 
the syndrome. The reports are conflicting 
concerning the presence of aciduria. Dykes 
and Ransley [54] reported gross haematuria 
and severe dysuria after gastrocystoplasty in 
two of eight children with compromised renal 
function. One of these patients demonstrated 
normal serum chloride and gastrin levels, 
but elevated levels of urinary titratable acids. 
Both patients improved with oral omepra- 
zole or H,-receptor blockers. In the large 


series reported by Nguyen et al. [55] there 
was no difference between the pre-prandial 
and postprandial urine pH levels. Plawker 
et al. [48] found refractory metabolic alkalo- 
sis associated with haematuria and dysuria 
in one patient with renal insufficiency. This 
patient had severe hypergastrinaemia but, 
interestingly, alkaline urine. However, intrav- 
esical pH can be significantly lower than the 
pH of voided urine and this may account for 
the difference in findings reported by the 
various authors [55]. 

Other factors leading to the syndrome have 
been suggested. One case of haematuria- 
dysuria syndrome resolved after the child 
was started on intermittent catheterisation, 
suggesting that Valsalva voiding and incom- 
plete emptying may exacerbate the problem 
[54]. 

Oliguria could be expected to exacerbate 
any irritative process just from the long 
exposure of the mucosa to urine between 
infrequent voids. In their original series, 
Nguyen et al. [55] found that symptoms 
occurred more frequently in patients with 
renal insufficiency. Similarly, Sheldon et al. 
[56] reported haematuria-dysuria in a patient 
with end-stage renal failure which resolved 
with transplantation. Urinary incontinence 
is a risk factor occurring in up to 60% of 
patients with the syndrome [55]. The child 
with a sensate perineum who dribbles urine 
is logically at higher risk for dysuria than the 
continent child or the child with decreased 
sensation. 


Changes Over Time 


The adverse changes over time are the 
development of stones, metabolic acidosis 
perforation and cancer; and the new bladder 
segment may contract, or develop a perfora- 
tion at the junction of the bladder and bowel. 
Most of these matters are dealt with earlier 
in the chapter. 

Adverse outcomes can occur for the 
upper renal tracts because of increased 
bladder pressure, because of failure of 


the augmentation procedure, or from 
obstruction or leaking from the surgery 
of either the bladder or upper renal tracts. In 
particular, obstruction can occur when 
both kidneys are preserved during a 
uretero-cystoplasty. Monitoring the renal 
status with an annual US and blood tests is 
an appropriate approach. New hydronephro- 
sis, unchanged on reservoir emptying, is 
usually the first sign of obstruction. Fur- 
ther investigation with a MAG3 renogram 
is used to confirm functional obstruction. 
However, further anatomical data require 
cross-sectional imaging. MRI is currently 
the modality of choice but its use has to 
be weighed against the need for general 
anaesthetic in the young child. 

The beneficial changes of augmentation 
include the continence that is achieved with 
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Radiology and Follow-up of the Neobladder 


Richard Hautmann and Bjoern G. Volkmer 


Introduction 


With improvements over the past several 
decades in surgical techniques, the mor- 
bidity associated with radical cystectomy 
(RC) has dramatically decreased. This has 
encouraged the development of a variety of 
techniques for bladder replacement. Con- 
struction of an intestinal reservoir with 
anastomosis to membranous urethra (ortho- 
topic neobladder) is now standard in many 
institutions. 


The Procedure 


Radical Cystectomy in Females (Figure 10.1) 


We prefer to spare the anterior vaginal wall 
if an orthotopic bladder substitute (OBS) is 
planned. This eliminates the need for vaginal 
reconstruction, helps to maintain the com- 
plex musculo-fascial support system and to 
prevent injury to the innervation of sphincter 
and proximal urethra, both important com- 
ponents of the continence mechanism [1]. 
There is an increasing tendency to preserve 
the uterus if oncologically safe. Oophorec- 
tomy is carried out in postmenopausal 
women. 


Radical Cystectomy in Males (Figure 10.2) 


RC is begun with an intra-fascial radical 
prostatectomy, in a retrograde fashion. At 


the base of the prostate, a 2—3-cm transverse 
incision of Denonvilliers’ fascia is carried 
out, and vasa are transected preserving the 
seminal vesicles. A cleavage plane is easily 
developed anterior to the ampullae and 
seminal vesicles and dorsal to the trigone. 
The ascending cleavage plane reaches the 
cul-de-sac, with the inferior bladder pedicles 
still intact. 

The remainder of the RC can be carried out 
in an ascending or descending fashion [2]. 

Following those modified RC techniques in 
both sexes, the pelvic floor anatomy resem- 
bles the original pre-operative situation most 
closely and provides the basis for successful 
orthotopic reconstruction and imaging. 


The Neobladder 


In 1987, the ileal neobladder was introduced 
by Hautmann et al. and the urethral Kock 
pouch by Ghoneim, and in 1988 the ileal 
bladder substitute by Studer et al. [3-5]. 
They were all made from ileum, detubu- 
larised and cross-folded and had anti-reflux 
protection by a Le Duc technique, a nipple 
and a ‘triple nipple’, respectively. In forming 
the reservoir, a ‘chimney’ of ileum is pre- 
served either unilaterally or bilaterally for the 
anastomosis to the ureters (Figure 10.3). 
Neobladders can also be made with large 
bowel but the outcomes are probably less 
satisfactory. The intraluminal pressure is 
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Ureter 


Figure 10.1 (a) Diagram of the final result of a precise modified anterior exenteration in a female with 
maximum preservation of the urethral support structures, the bottom of this defect being the anterior vaginal 
wall. U, urethra; V, open vaginal vault after removal of uterus. Note the considerably modified radicality as 
compared with standard radical cystectomy. (b) Operative photograph of the female pelvis (different patient). 
R, round ligament; U, urethra with catheter. Note the minimum excision defect following radical cystectomy 
with maximum preservation of support structures and nerves. 


Urethra 


Figure 10.2 (a) Diagram of the final situation after seminal vesical sparing radical cystectomy. The seminal 
vesicles (SV) are preserved with neurovascular bundles (NVB) lateral and partly covered by them. (b) 
Corresponding operative photograph of the male pelvis. SV, seminal vesicles; U, urethra with a catheter. 


higher and some spontaneous contractions Postoperative Imaging 

persist so that continence is more difficult 

to achieve. The ureters are usually tun- In the immediate postoperative period, a 
nelled into the colonic wall and there is no cystogram is carried out at around 10 days to 
chimney. look for an anastomotic leak (Figure 10.4). 


Figure 10.3 (a) Diagrams a 
to compare the changes in 
radius (r), volume (mL) and 
pressure in insolated 40 
and 60 cm bowel segments 
after detubularisation and 
cross-folding [12]. Note the 
lower volume and higher 
pressure found with only a 
single fold. The volume of a 
sphere is given by the 
formula v = 4/3z? so that 
a small increase in radius 
gives a large increase in 
volume. Source: Simon 

et al. 2006 [12]. Reproduced 


15cm 


with permission of Elsevier. 

(b) Diagrams comparing r (cm)= 
the same data in reservoirs Vol (cc) = 
constructed P = 
intracorporeally. b 


I 12—14 cm 


Ee) 
£ 
oO 
oO 
X 
b a 
T = 
l 
F 
Wiklund 
r (cm)= 2.4 
Vol (cc)= 235 
P = 0.42 


In assessing later postoperative imaging it 
is essential to know which of the pelvic organs 
have been preserved. Similarly, the type of 
neobladder formation must be known. Typi- 
cal ‘normal’ postoperative images are shown 
in Figures 10.5 and 10.6. 


Clinical Follow-up 


The follow-up protocol that has been 
developed in Ulm is shown in Table 10.1. 
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Principles of Open Orthotopic Reconstruction 


20cm 


Hautmann Melchior 
4.8 2.4 
1085 360 
0.21 0.42 


Intracorporeal Orthotopic Techniques 


NOT STATED 


Pruthi Abreu 
2.4 2.4 
271 217 

0.42 0.42 


Long-term experience has shown that many 
functional and biochemical changes occur 
with the formation of an intestinal neoblad- 
der. Most are initially symptomless but 
prompt identification allows early manage- 
ment and sometimes prevents irreversible 
consequences (see also chapter 11). 


Clinical Examination 


Examination including the lymphatic and 
rectal systems is still a central part of 
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Figure 10.4 Cystogram of neobladder (NB) on day 
10 postoperatively showing a small leak at the 
ileo-urethral anastomosis (arrowed). There is reflux 
into the chimney (Ch) and ureter on the right side. 
No left reflux into chimney or ureter. Stents are still in 
situ. 


monitoring, especially for recurrent can- 
cer. Development of hypertension can be 
an early sign of renal obstruction. For 
the urinary tract, where abnormalities are 


seldom palpable, ultrasound (US) is an essen- 
tial part of ‘clinical’ examination. 


Information on bladder control and emp- 
tying pattern are obviously required. New 
symptomatic infections, confirmed by stix 
testing and culture, are an early sign of the 
development of incomplete voiding. If the 
residual is more than 50 mL, the cause must 
be sought. Proteinuria is not a normal find- 
ing with intestinal reservoirs and should 
be investigated in the standard manner. 
Symptomless bacteriuria can be ignored. 


Preservation of renal function is critical. 
Although the standard blood investigations 
are informative, the serum creatinine does 
not exceed laboratory norms until about 50% 
of glomerular function has been lost. A rising 
creatinine, even though within the normal 
range, is significant for renal deterioration. 
Such a finding, especially if combined with 


Figure 10.5 (a) Coronal CT to show an ileal neobladder (IB). The wall of the neobladder is uniformly thin. Note 
its position in relation to the pelvis - displacement from this position sometimes indicates local recurrence. (b) 
Transverse CT to show the neobladder. In this form of reconstruction there are two chimneys (Ch). (c,d,e) The 
chimneys are usually best seen on sagittal views. (c) A cystogram of an ileal neobladder taken about 10 days 
postoperatively to confirm absence of leaks. A, position of the anastomosis; C, chimney; U, ureter into which 
there is reflux . There is no leak. (d) A sagittal film from a CT scan at about 1 year post surgery. The chimney is 
marked with white arrows (note the narrowing from a peristaltic contraction). NB, neobladder. On transverse 
images such as (e), it is not possible to identify the chimney (arrowed C) without tracing down from the kidney 
or up from the bladder as it is indistinguishable from normal bowel. (f) Coronal T2-weighted MRI of a patient 
with an ileal neobladder (IB). For routine imaging of the urinary tract, MRI does not have any advantage over CT 
scan. The renal pelvises (K) are less well shown and the smooth thin neobladder wall is the same as on CT. 
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Figure 10.6 Coronal CT of a right colon neobladder 
(CB). Note that the wall is a little thicker than that of 
an ileal neobladder. The partially filled reservoir 
shows the irregular wall and wide-mouthed 
pouches. 


hypertension and proteinuria, should trigger 
detailed nephrological investigation. Storage 
of urine in intestinal reservoirs is not, on its 
own, a cause of renal failure. 

The age-related decrease in renal function 
is 9.1 mL/min/1.73 m? per decade after age 
40 years in healthy patients. Functional dete- 
rioration is found in 30% and end-stage renal 
failure in 6.6% of patients after RC, irrespec- 
tive of the type of urinary diversion [6]. 

There are two major factors following 
OBS that have a role in renal function 
deterioration. 


1 Obstruction Obstruction of the lower 
ureter or uretero-intestinal anastomosis 
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Table 10.1 Follow-up schedule for patients with an ileal neobladder (Ulm experience). 


Before 
surgery 


General 
x 
x 


x 
x 


Blood tests 
x 


Urine tests 
x 


x 
x 
x 


After surgery 


Clinical examination 


Body weight, blood 
pressure 


US (if no CT/MRI) 


Uroflow/residual urine 


Hb, creatinine, urea, Na, 
K, Mg, CI, Ca 


Venous blood gas 
analysis/bicarb 


Folic acid, vitamin B}, 


Urine dip stick 
Urine culture 
Voiding diary 


Voiding questionnaire 


For patients with cancer 


x 
x 


Cytology (standard) 
Alk phos, GOT, y-GT 
Urethral washout cytology 


Forced diuresis for upper 
tract cytology 


CT thorax, abdomen, 
pelvis 


Bone scan 


CT urogram (if upper tract 
history) 


Incidental prostate cancer 


x 


PSA 


Months after surgery 


x mM PM ps 
x mM PM ps 
x mM PM ps 


X 


12-15 


X 


18-21 


x mM ps p< 


24 30 36 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
X X 
X X X 
X X X 
X X X 
X 
X X X 
X X 
X X 
X 

X X 
X 

X X 
X X 


42 


Po mM ps ps 


x mM ps ps 


ops ps ps 


X 


Yearly 


o mM ps ps 


Alk phos, alkaline phosphatase; Ca, calcium; CI, chloride; CT, computerised tomography; y-GT, 
gamma-glutamyltransferase; GOT, glutamic oxaloacetic transaminase; Hb, haemoglobin; K, potassium; Mg, 


magnesium; Na, sodium; PSA, prostate-specific antigen; US, ultrasound. 
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is a problem with all diversions or tail of the ileum so that the ileo-caecal 
reconstructions. Early obstruction may valve prevents reflux. The valve is visible 
be caused by oedema at the ureteric as an apparent filling defect and is a nor- 
anastomosis which will usually resolve. mal finding (Figure 10.9). The valve can 
Otherwise, obstruction may be a result of occasionally act as an obstruction in which 
fibrous stenosis, ureteric kinking, tumour case both ureters will be dilated down 
or stones (Figures 10.7 and 10.8). to the ileo-caecal valve. Such obstruc- 
When the right colon is used as a neoblad- tions can be corrected by a longitudinal 
der the ureters are anastomosed to the valvotomy. 


Figure 10.7 (a) A conventional intravenous urogram (IVU) at 4 hours showing delayed excretion on both sides. 
The patient was 6 weeks post cystectomy and maintaining reasonable renal function. (b) IVU of the same 
patient 2 months later showing good drainage on the left and a nearly empty right ureter. An underlying 
uretero-pelvic junction obstruction is shown on the right side (arrow). (c) Early film in an antegrade 
ureterogram series showing obstruction of the ureter at the level of the sacro-iliac joint (arrowed O). (d) A later 
film in the same antegrade series clarifies the situation of a kink (K) with some flow into the lower ureter (LU). 
(e) Coronal CT urogram showing delayed enhancement of the left kidney, some loss of parenchyma and 
hydrocalicosis (arrow) strongly suspicious of obstruction. (f) Antegrade ureterogram taken prone, of the same 
patient. There is complete obstruction (O). There is a faint filling defect at the obstruction which could indicate 
invasive tumour. (g) CT with contrast in the same patient, showing the presence of a stent (white) in the left 
ureter. The soft tissue around it, between the black arrows, is strongly suggestive of recurrent transitional cell 
carcinoma as the cause of obstruction. The diagnosis was confirmed on cytology washings from the ureter. 
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Figure 10.7 (Continued) 


The great majority of stenoses occur 
within the first 1-2 years postopera- 
tively, regardless of the type of ureteric 
anastomosis. However, the risk is still 


Figure 10.8 Bilateral antegrade ureterograms 
showing that both ureters are obstructed (arrows). 
This was because of local recurrence. Both ureters 


were anastomosed to the same chimney. A hazard of 


putting both ureters next to each other is that local 


recurrence is likely to affect both of them. This is true 


with all other diversions or reconstructions after 
cystectomy for transitional cell carcinoma of the 
bladder. 


cumulative over time. Stenoses are often 
insidious and clinically silent. Flank pain 
and infection are usually a late manifesta- 
tion except with stones. After cystectomy 
they are more commonly ischaemic, 
occurring after manipulation or radiation. 
Non-ischaemic strictures are normally 
caused by recurrent malignancy [6]. 


2 Reflux High pressure reflux of infected 


urine can cause renal function deterio- 
ration. However, the value of anti-reflux 
techniques in OBS is debatable. In four 
randomised trials there was no signif- 
icant difference in serum creatinine, 
urine infection rates and bladder capacity 
between those with and those with- 
out an anti-refluxing anastomosis. A 
stricture was seen in 13.5% of patients 
with an anti-reflux nipple compared 
with 3% of patients with a refluxing 
technique [7]. 


Oncologic Follow-up Specific 
to the Neobladder 


In our own series of 357 patients, local recur- 
rence was diagnosed after evaluating pelvic 
symptoms with computerised tomography 


Figure 10.9 CTofa 
colonic neobladder 
(arrowed NB) showing 
the ileo-caecal valve 
(arrowed ICV) which is 
characterised by an 
apparent filling defect in 
the neobladder but 
outlined by fat. This is a 
classic appearance of an 
ileo-caecal valve in any 
urinary reservoir. 


(CT) and US in 33 patients and incidentally 
in 10 who were asymptomatic during routine 
follow-up (12%). Pelvic and/or rectal pain 
was the most common presenting symptom 
(26 of 43 patients). Other clinical features 
that heralded the diagnosis included bowel 
obstruction in one patient, urinary reten- 
tion in one, urethral bleeding in three, and 
inguinal and lower extremity oedema in two 
(Figure 10.10). 

Median survival was 17 months and 
median time to recurrence was 10 months. 
Of the 43 patients with local recurrence at 
follow-up, 36 had had locally advanced can- 
cer on the final pathological evaluation (stage 
pT 3a or node positive, or worse). Seventeen 
of them had concomitant distant metastases. 
Of the 43 patients, 40 maintained good 
neobladder function until they died. Local 
recurrence interfered with the upper tract in 
24 cases, neobladder in 10 and intestinal tract 
in 7. The neobladder was removed only in 
one patient because of a neovesical intestinal 
fistula [8]. 

Recurrence in the transitional urothelium 
may be in the upper tract (Figure 10.7f,g) 
or in the urethra. Out of 1420 neobladder 
patients, 25 cases of upper tract recurrence 
were observed. The overall rate at 5, 10 and 15 
years was 2.4%, 3.9% and 4.9%, respectively. 
Upper tract recurrence did not develop 
in any patients with non-transitional cell 
carcinoma. 
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Four risk factors for upper tract recurrence 
were identified: history of carcinoma in situ 
or recurrent transitional cell carcinoma, cys- 
tectomy for non-muscle invasive cancer and 
tumour involvement of the distal ureter in 
the cystectomy specimen. Patients with tran- 
sitional cell carcinoma who had none of these 
risk factors had an upper tract recurrence 
rate of only 0.8% at 15 years. The incidence 
rate increased with the number of positive 
risk factors, being. 8.4% in patients with one 
or two risk factors and 13.5% in those with 
three or four risk factors. 

Patients who have undergone cystectomy 
for transitional cell carcinoma and with at 
least one risk factor for upper tract recur- 
rence should have annual imaging of the 
kidneys and ureters. 

Retrograde pyelography may be necessary 
if the patient is not a candidate for intra- 
venous injection of contrast medium or if 
intravenous urography (normally with CT) 
is not diagnostic. Further evaluation of filling 
defects on imaging studies usually requires 
ureteroscopic evaluation. In practice, most 
upper tract recurrences are fatal with only 
about 27% surviving 5 years (Figures 10.7 
and 10.8) [9]. 

The incidence of urethral recurrence after 
cystectomy is likely to be higher than that 
in the upper tracts as transitional cell carci- 
noma has a propensity to recur preferentially 
‘down stream’ of the original. The figures 
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Figure 10.10 (a) Transverse CT to show a huge local recurrence (LR - yellow stars) of bladder cancer in the true 
pelvis. Despite gross displacement of the neobladder (arrow and green stars), function remained normal. The 
balloon of a Foley catheter (inserted for diagnostic purposes) can be seen in the neobladder. (b) When a 
smaller local pelvic recurrence of cancer is suspected, MRI may be useful, and has excellent soft tissue contrast 
resolution. In this case a T2-weighted sagittal image showing the relationship of the recurrence (arrowed) to 
the rectum (R) and neobladder (INB). In this case the bladder is not displaced (compare with a). (c) Axial 
enhanced CT image of a colonic neobladder. Not all filling defects in the neobladder are a result of recurrent 
tumour. Note that the wall is of less regular thickness; the area arrowed T is particularly thick. The outline is also 
irregular with multiple pouches (arrowed P). These are normal appearances and not signs of tumour recurrence 


or high pressure. 


for incidence have wide variation from 1.4% 
to 18% at 5 years. There is dispute about 
predisposing factors, especially whether 
involvement of the prostatic urethra in the 
original tumour is relevant. It has been 
suggested that the incidence after neoblad- 
der formation is lower than that seen in a 
‘dry urethra, although this may just reflect 
case selection. Cure of urethral recurrence 
depends on early diagnosis and lower grade. 
Urethroscopy is advocated annually and in 
response to urethral symptoms, especially 
bleeding [10, 11]. 


In 17 758 urinary diversions of all types, 
Kalble et al. [9] found 32 secondary tumours. 
The tumour risk in uretero-sigmoidostomy 
(2.58%) and cystoplasty (1.58%) was sig- 
nificantly higher than in other continent 
forms of diversion. The risk in (ileo-) colonic 
neobladders (1.29%) was significantly higher 
than in ileal neobladders. The difference 


Table 10.2 Ninety-day complication rate in 1013 
patients undergoing cystectomy and orthotopic 
neobladder formation at Ulm. 


Percentage 

Complication affected 
Infections (various) 58 
Genitourinary 17 
Gastrointestinal 15 

Wound related 9 

Clavien 1 or 2 36 

Clavien 3-5 22 

90-day mortality 2.3 


Source: Hautmann et al. 2013 [4]. Reproduced with 
permission of Elsevier. 


between ileo-caecal pouches (0.14%) and 
ileal neobladders was not significant, and the 
tumour risk with ileal conduits was minimal 
(0.02%). 

Uretero-sigmoidostomies, cystoplasties, 
and probably ileo-colonic neobladders, 
bear a significantly increased tumour risk 
compared with the general population and 
necessitate regular endoscopic evaluation 
from at least the fifth postoperative year. 
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Regular endoscopy is not useful after 
ileal neobladders and conduits. Imaging 
and endoscopic investigation are manda- 
tory in the presence of symptoms such as 
hydronephrosis, chronic urinary infection or 
haematuria [7]. 


Complications 


Complications up to 90 Days 


Radical cystectomy and urinary diversion 
are two steps of one operation. However, the 
literature uniformly reports complications of 
the cystectomy while ignoring the fact that 
more than 75% of them are related to the 
diversion. 

Of our 1013 orthotopic neobladder 
patients, 58% experienced at least one com- 
plication within 90 days of surgery, details of 
which are shown in Table 10.2 [7]. 


Long-term Complications 


The long-term complication rate at Ulm 
was 40.8% (Table 10.3). As a result of the 
close routine follow-up many, especially 


Table 10.3 Long-term (up to 20 years) complication rate in 1013 patients undergoing cystectomy 


and orthotopic neobladder formation at Ulm. 


Percentage 
Complication affected 
Hydronephrosis 16.9 
Incisional hernia 6.4 
Febrile urinary infection 5.7 
Tleus/small bowel obstruction 3.6 
Outflow obstruction from neobladder Tumour recurrence 1.1 
Anastomotic stricture 1.2 
Urethral stricture 0.9 
Acidosis Requiring bicarbonate therapy 33 
Severe metabolic acidosis 1 
Chronic diarrhoea 0.8 
Vitamin B,, deficiency 0.02 


Source: Hautmann et al. 2013 [4]. Reproduced with permission of Elsevier. 
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those in the urinary tract, were found in a 
pre-symptomatic phase [7]. 


Changes Over Time 


Reservoir Control 


Incontinence 

Continence of an orthotopic bladder recon- 
struction is undermined by two unavoidable 
consequences of radical cystectomy: 


1 Loss of the afferent limb of the vesico- 
urethral reflex means that there is no 
coordination or functional relationship 
between reservoir and sphincter, as in a 
normal bladder; 

2 Because of the loss of the spinal reflex acti- 
vated by stretching of the muscle fibres of 
the native bladder, the sensation of normal 
desire to void is not felt. 


In the daytime, the absence of reservoir— 
sphincter coordination is compensated for by 
activation of the urethro-sphincteric guard- 
ing reflex when there is reservoir over-filling 
or involuntary contractions. This guarding 
reflex could be estimated by measuring the 
maximum urethral closing pressure (MUCP) 
which reflects external sphincter activity. 
Diurnal continence is determined only by 
the condition of the external sphincter irre- 
spective of the type of reservoir and whether 
it was constructed from a tubularised or a 
detubularised intestinal segment [13]. 

Nocturnal incontinence has been attributed 
to several causes, including loss of the 
vesico-urethral reflex, decreased muscle 
tone and urethral closure pressure during 
sleep, high amplitude involuntary contrac- 
tions of the reservoir, decreased sensitivity of 
the membranous urethra and the shift of free 
water from the reservoir into concentrated 
urine. 

Urodynamically, diurnal continence is 
determined by MUCP, while nocturnal con- 
tinence is determined by the net result of two 
opposing forces that is MUCP vs. maximum 
contraction amplitude (Amp) plus baseline 


pressure at mid capacity (BAS). If MUCP is 
247 cm H,O, the patient should be continent 
during the day; if MUCP is >16 cm H,O 
higher than the sum of Amp max and BAS 
mid, the patient would achieve continence 
during the night [13]. 

The reservoir control may deteriorate 
with time. Increasing age, use of colonic 
segments and non-nerve-sparing techniques 
have been suggested as risk factors for day- 
time urinary incontinence (UI) after OBS. 
Declining external urethral sphincter func- 
tion, decreased sensory threshold in the 
membranous urethra and decreased vigi- 
lance of ageing patients are also possible 
explanations. 


Voiding Failure (Hypercontinence) 
Two types of OBS patients have been identi- 
fied on the basis of voiding techniques: 


1 Abdominal straining (Valsalva manoeu- 
vre) used during the complete voiding 
episode. 

2 Valsalva manoeuvre used only at the end of 
emptying. 


Koraitim et al. [10, 11] have shown that 
the contribution of abdominal pressure to 
the driving force of urination varies in dif- 
ferent types of orthotopic reservoir. Urine is 
evacuated mainly by abdominal straining in 
ileal neobladders, by contraction for sigmoid 
neobladders and by a more or less equal 
contribution of straining and contraction for 
ileo-caecal neobladders. 

Over time, 4-8% of men and 30-50% 
of woman lose the ability to empty their 
reservoir (Figure 10.11). There are two main 
causes for emptying failure: subneovesical 
mechanical obstruction of the neoblad- 
der outlet and dysfunctional voiding. To 
define treatment options it is mandatory to 
determine the aetiology by radiological and 
invasive examinations. 

Of the 655 men in our study, 11.5% had a 
least one episode of failure of emptying the 
neobladder requiring some form of therapy 
during follow-up. Failure was because of dys- 
functional voiding in 3.5% and mechanical 
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Figure 10.11 (a) CT urogram with contrast in a man 13 years after cystectomy and colonic neobladder. He has 
chronic retention with early dilatation of the upper tracts, especially on the right. Both kidneys show some 
scarring (kidneys arrowed and marked K). The colonic neobladder (CNB) is distended and many of the folds and 
diverticula normally seen with a colonic neobladder have been ‘smoothed out’ (compare with Figure 10.6). 

(b) A sagittal film of the CT showing the neobladder almost completely filling the pelvis. 


obstruction in 8%. Causes of mechanical 
obstruction are shown in Table 10.3. In 
addition, non-urological malignancy (0.2%), 
‘mucosal valve’ (0.5%) and a foreign body 
(0.2%) were implicated. 

In 38 of 52 patients with mechanical 
obstruction of the neobladder, outlet empty- 
ing was fully restored with endo-urological 
procedures, while in 14 clean intermittent 
self-catheterization (CIC) was necessary. 
CIC was the therapy of choice for all patients 
with dysfunctional voiding. 

Although the rate of transient or perma- 
nent neobladder emptying failure in males 
is high, most mechanical causes can be 
managed endoscopically [15]. 

The explanation for the much more com- 
mon urinary retention in women (30-50%) 
has been more problematic. One theory has 
been the development of a posterior kink at 
the urethral anastomosis because of the loss 
of posterior support. Video-urodynamics 
and dynamic magnetic resonance imaging 
(MRI) studies seem to confirm the pres- 
ence of a pouchocoele in women with high 


residual urine and the absence of neobladder 
prolapse in those who void more completely. 

There is an alternative theory that void- 
ing dysfunction causing either retention 
or incontinence results from damage to 
autonomic nerves. Gross et al. [13] found 
that prior or concomitant hysterectomy and 
lack of attempted nerve sparing, shorter 
functional urethral length and lower MUCP 
were all associated with a higher risk of 
incontinence. They believed that retention 
was caused by either excess sympathetic 
tone resulting from denervation of the 
parasympathetic fibres or an atonic proximal 
urethra, presumably because of complete 
denervation, which collapsed on voiding to 
obstruct the outflow. The contribution of 
pre-operative urethral pressure profilometry 
needs to be confirmed in other prospective 
studies before it can be widely recommended 
[7, 16]. 

Other changes may be seen in future 
because of a failure to recognise the careful 
manner in which neobladder construction 
developed (Figure 10.3). The history of 
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urinary diversion began in 1852 and started 
right away with continent diversion (i.e. 
uretero-sigmoidostomy) [17]. Anastomosing 
an intestinal reservoir to the urethra was 
proposed by Tizzoni and Foggi in 1888 [15]. 
After 25 years of successful OBS, recent 
developments ignore these basic principles. 
For instance, robotic reservoirs are con- 
structed from short (40 cm) ileal segments, 
have significant non-detubularised sections 
and are only U-shaped (Figure 10.3). As a 
result, they have a small radius of 2.4 cm, 
geometric capacity of just 180-271 mL and 
pressure twice as high as a standard open 
OBS which has a radius of 4.8 cm and a 
geometric capacity as high as 1085 mL [19]. 
Day and night-time urinary incontinence 
has been reported in 7-13% and 14—43% of 
patients with an open OBS, respectively [19]. 
Regrettably, robotic series define continence, 
differently allowing diapers in ‘continent’ 
patients and report quality of life metrics 
instead of incontinence data. Using stan- 
dard definitions, Canda et al. [20] reported 
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General Consequences of Lower Urinary Tract Replacement 


and Reconstruction 
Christopher Woodhouse and Alex Kirkham 


Introduction 


The lower urinary tract requires three com- 
ponents, which are largely independent of 
each other (Table 11.1): a reservoir in which 
to store the urine; a continence mechanism; 
and a conduit to conduct the urine to the 
surface. The reservoir can be constructed 
from any of the organs in the first column 
of Table 11.1, singly or in combination; the 
continence mechanism from the second; and 
the conduit from the third. 

In general, reconstruction of the lower 
urinary tract with bowel has replaced incon- 
tinent diversion in children with congenital 
anomalies. In adults, the most common 
indication for reconstruction or diversion 
is cystectomy for cancer. Despite claims 
that orthotopic neobladder is the ‘gold stan- 
dard’, there is no objective evidence that 
any one method is better than any other [1]. 
Although the various systems do not ‘wear 
out’, as some patients expect, they all have 
long-term problems which require surveil- 
lance. There are also complications caused 
by patient trauma and intercurrent events 
such as stone formation. 

The consequences of intestinal reconstruc- 
tions are brought about by three factors: the 
removal of the intestine from the gastroin- 
testinal tract; the storage of urine within 
an intestinal reservoir; and the mechanical 
problems of the surgical reconstruction. 


Reservoirs 


The Stomach 


The stomach, although it does have advan- 
tages, has not stood the test of time and now 
is only used if there is inadequate length of 
the other possible tissues and almost exclu- 
sively in children (see Chapter 9). 


Ileum 


Ileum has been the mainstay of reservoir con- 
struction. About 40 cm is needed to replace 
the bladder. Low pressure and a volume of 
400-600 mL are achieved by longitudinal 
incision and re-formation in one of several 
possible formats. Lesser lengths of ileum 
are used to augment the bladder (clam 
cystoplasty). Sixty-five years of widespread 
use as some form of bladder substitute has 
given a good understanding of the long-term 
outcomes. 


Gastrointestinal Consequences 


Vitamin B,, Deficiency As vitamin B}, is 
absorbed from the terminal 15 cm of ileum, 
selection of a more proximal segment for 
bladder replacement or ileal conduit should 
allow normal absorption of the vitamin 
to continue. In practice this is not always 
the case. The body’s store of B,, will last for 
about 4 years if absorption ceases completely. 
If there is reduced absorption, it may last 
for much longer. After exclusion of a long 
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Table 11.1 The components of the lower urinary tract and tissues available to replace it. 


Reservoir Continence mechanism Conduit 
Bladder Urethral sphincters Urethra 
Stomach Buried tube (e.g. Mitrofanoff) Stomach tube 
Ileum Intussuscepted valve (e.g. Kock) Ileal tube 
Colon Ileo-caecal valve Appendix 
Rectum Artificial sphincter Fallopian tube 
Native urothelium Anal sphincter Anal canal 
Artificial bladder Ureter 

Skin tube 


Detrusor tube 


segment of ileum from the gastrointestinal 
tract (GIT), there is a reduction in the level 
of B,, with time, especially beyond 7 years, 
even though it remains in the normal range. 
The actual length used does not seem to be 
a determining factor, but the mean B,, level 
of patients whose terminal 60 cm of ileum 
was spared is higher than those in whom 
it was partly incorporated in the urinary 
reservoir [2]. 

Vitamin B,, is involved in at least two 
protein synthesis pathways as a co-factor. 
Investigation of the pathways can be used 
to indicate early deficiency, before the B}, 
level itself becomes abnormal. For example, 
methyl malonic acid (MMA) accumulates in 
serum if there is inadequate B,, to metabolise 
it. In both children and adults, impaired B,, 
metabolism has been confirmed even when 
the absolute serum level is normal. Defi- 
ciency of B}, is found in about 21% of 
patients 7 years after creation of an ileal 
reservoir. More importantly, raised serum 
MMA may be found in a further 25% of 
patients [3]. 

Exclusion of the right colon, ileo-caecal 
valve and terminal ileum, as might be per- 
formed for a right colon reservoir, does not 
have the same consequences. Folic acid is 
absorbed from jejunum and so is not affected. 

These findings presumably indicate that 
removal of ileum from the GIT reduces the 
absorption of B}, so that late clinical defi- 
ciency will always remain a risk. Monitoring 
for low serum B,, is required from the fourth 


year after surgery and at least annually 
thereafter. 

If the level is found to be close to the 
lower limit, a single injection of B}, should 
be given and the level re-measured at 3 
months. Further supplements need only be 
given if the level falls close to the lower limit 
again. The deficiency is not the same as that 
encountered in pernicious anaemia when 
supplementation is required regularly and 
for life. 


Other Malabsorption Consequences Nutri- 
tional deficiency is usually confined to 
children who have large sections of small 
bowel missing, as in cloacal exstrophy. In 
adults, the loss of 40 cm of terminal ileum 
trebles and of 100 cm increases fivefold the 
synthesis of bile acid. This predisposes to 
cholelithiasis, diarrhoea and steatorrhoea. A 
beneficial effect is a reduction in lipoproteins 
[4]. A biochemical marker of this is low 
serum carotene. In patients with a normal 
GIT and in an experimental study, the nutri- 
tional and functional consequences are not 
clinically significant [5]. 

Disturbances of defecation are a subject of 
some disagreement. In many series they are 
not mentioned at all or are said not to occur. 
There may be differences between patient 
groups or some clinicians do not specifi- 
cally enquire about this. When specifically 
sought, disturbance of bowel function in 
otherwise uncomplicated patients is found in 
about 15% after ileal conduit or clam cysto- 
plasty [6]. In patients having reconstruction 
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after cystectomy for cancer, few have bowel 
disturbance and it is usually not bothersome. 

An interesting group is those with 
idiopathic detrusor instability. Fifty-four 
per cent of patients report new bowel symp- 
toms after ileal conduit or clam cystoplasty, 
including diarrhoea, incontinence and leak- 
age of flatus. As a result, up to one-third 
regret having the operation [6]. When such 
symptoms occur, they do not improve with 
time, at least up to 8 years [7]. 


Storage Consequences 

There may be an overlap between gastroin- 
testinal and urine storage consequences. 
From the biochemical point of view, hyper- 
chloraemic acidosis (HCA) is the most 
important (see Colon reservoirs). Because of 
the osmotic gradient, water may be lost into 
the reservoir through the ileal wall. 

The most serious problems arise from 
the absorption of drugs and abnormal con- 
stituents excreted in urine. The cytotoxic 
drug methotrexate is one such. Although not 
commonly used now, it will cause severe bone 
marrow toxicity if forgotten. If it is adminis- 
tered, the reservoir should be drained with a 
catheter throughout treatment, blood levels 
checked and folinic acid rescue given. 

An interesting problem arises with glucose 
in urine stored in ileum. If glucose is instilled 
into ileal conduits in non-diabetic patients, 
it is not absorbed. In insulin-dependent dia- 
betic patients, it may be absorbed. This can 
cause hyperglycaemic ketoacidosis without 
measureable glycosuria. The experiment has 
not been repeated with ileal reservoirs but 
is unlikely to have a different result. As the 
ileal mucosa atrophies with time, the phe- 
nomenon may resolve with longer follow-up, 
but not always [8]. 


Colon 


About 20 cm of colon is needed completely 
to replace the bladder. It is detubularised by 
longitudinal incision and re-formed in a ‘U’ 
shape. The pressures in right colon and, par- 
ticularly the sigmoid colon, are higher than in 
ileal pouches. 


Gastrointestinal Consequences 

Colon has little metabolic activity. Its main 
function is to store the effluent from the 
ileum which may be up to 1.5 L/day. 
Ninety-nine per cent of this is absorbed 
as water. Some ions are exchanged and any 
carbohydrate remaining is converted to short 
chain fatty acids and absorbed. None of this 
produces a significant problem when 20 cm 
is excluded for urinary reconstruction except 
in those at risk of dehydration or faecal 
incontinence. 

The distal colon forms and stores stool. 
Reduction in the length of colon, espe- 
cially the sigmoid, may loosen the stools 
sufficiently to cause precipitancy or even 
incontinence. 


Storage Consequences 


Hyperchloraemic Acidosis Both ileal and 
colonic reservoirs can be responsible for 
HCA, but the more distal the colon used, 
the higher the incidence. There is some 
dispute about the mechanisms by which the 
serum bicarbonate becomes too low and the 
chloride too high. Much of the experimental 
work dates from more than 50 years ago. 

When the urine has been mixed with fae- 
ces in the colon for even a short time, the 
slurry becomes very alkaline because of the 
high levels of bicarbonate and ammonia. At 
least in experimental animals the speed of 
development and the severity of the acidosis 
is proportional to the surface area of the 
colon in contact with urine [9]. 

The production of ammonia is by the 
action of urease producing faecal bacteria. 
Urinary urea is essential in making the slurry 
alkaline and producing the full syndrome. 
If urine is stored in an isolated rectum with 
no faeces present (as in the Boyce—Vest 
diversion) patients have hyperchloraemia 
but are not acidotic according to the plasma 
bicarbonate level [10]. 

In an experimental study where artificial 
urine was instilled into a variety of intestinal 
reservoirs, all patients were found to absorb 
sodium and potassium but the extent was 
variable. One-third of patients (but 50% of 
those with an ileo-caecal reservoir) were 
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found to have hyperchloraemia. All had 
abnormal blood gases, the majority having 
metabolic acidosis with respiratory compen- 
sation. This was found even in patients with 
a small segment of bowel as in a clam cysto- 
plasty. The findings were unrelated to renal 
function or to the time since the reservoir 
was constructed [11]. 

There is good evidence in humans that the 
normal response of the colon to the presence 
of an acid medium is secretion of bicarbonate 
and that this is the cause of the acidosis [12]. 
There are active transport mechanisms for 
the exchange of electrolytes throughout the 
intestine. Therefore HCA can occur with 
storage in any reservoir except the stomach. 
It is most common with a rectal reservoir 
(Table 11.2). 

Although low plasma and total body 
potassium have been reported, they are 
not consistent findings. When allowance is 
made for uncorrected metabolic acidosis it is 
probable that normal total body potassium is 
maintained. Care must certainly be taken in 
prescribing potassium supplementation just 
on the basis of low plasma potassium [13]. 
If potassium is lost, it is not by exchange, 
but by the diarrhoea that can occur with 


Table 11.2 Venous blood biochemical and 
haematological changes in patients with intestinal 
urinary reservoirs. Data are very unreliable and the 
incidences may be taken with a pinch of salt. The 
denominators are usually unknown, follow-up 
variable and definitions poorly described. The more 
the abnormalities are sought, the more often they 
are found. Arterial blood gas analyses give higher 
incidences for pH changes. 


Biochemical/ 
haematological 


Reservoir change Incidence (%) 

Stomach Hypochloraemic, 0-24 
metabolic alkalosis 

Ileum Hyperchloraemic 9-50 
metabolic acidosis 

Ileum Vitamin B,, 21+ 
deficiency 

Colon/rectum Hyperchloraemic 50-100 


metabolic acidosis 


uretero-sigmoidostomy or by the osmotic 
diuresis caused by excess urea reabsorbing 
from the colon [13, 14]. 

Fortunately, there is some ability to com- 
pensate for the bicarbonate loss. As the 
bicarbonate concentration in the colon 
becomes excessively high, diffusion occurs 
back into the bloodstream of the colon. Many 
patients thus stabilise in mild acidosis [12]. 

HCA is usually found from the routine 
annual blood test. We have not noted symp- 
toms in any patient with biochemical HCA, 
even with bicarbonates as low as 15 mmol/L. 
Acute HCA is usually a consequence of an 
acute illness, particularly pyelonephritis. The 
presentation then is of that illness and the 
HCA is found on biochemical analysis. Even 
without an obvious associated illness, severe 
HCA is usually associated with hyperam- 
monaemia which produces encephalopathy 
and coma. 

The long-term consequences of HCA are 
uncertain. The older literature describes 
osteomalacia and vitamin-resistant rickets. 
All of the patients had severe and uncor- 
rected HCA. They presented with bone pain, 
tenderness and weakness, but demineralisa- 
tion must be far advanced before radiological 
changes are seen. This relationship has 
become less clear with time and contem- 
porary reports on reconstruction have not 
detected osteomalacia or rickets [15]. 

In Wistar rats, there is a marked reduction 
in cancellous bone volume and strength after 
ileo-cystoplasty. There is even greater loss if 
the cystoplasty is accompanied by an addi- 
tional resection of ileum. None of the animals 
were acidotic at sacrifice. If these findings 
could be transferred to humans, the impli- 
cations are that the vertebrae, particularly, 
would be at increased risk of compression 
fracture and that the cause is not HCA. 
The increased effect of ileal resection with 
cystoplasty suggests that malabsorption from 
the ileum and absorption from the urine of 
unknown metabolites may be causative [15]. 

Clinical evidence is inconclusive. Minor 
degrees of HCA may produce osteomalacia 
[16]. In children, this would have a major 
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impact on bone growth. In a small group of 
children, dual energy X-ray absorptiometry 
(DEXA) scanning showed a reduction in 
bone mineral density in the lumbar spine 
associated with HCA. This finding would 
be in keeping with the rat model [17]. In 
four of the six children for whom there were 
sufficient data, re-mineralisation occurred 
with correction of the HCA [18]. 

When osteomalacia does occur, it is not 
accompanied by hypercalciuria either clin- 
ically or experimentally [16]. Patients do 
not have nephro-calcinosis but renal stones 
occur as a relatively early complication in 
about 2% of patients surviving at least 6 
months [19]. 

Although the long-term consequences of 
HCA are uncertain, there is enough evi- 
dence to treat it. Pragmatically, borderline 
HCA has been defined as an abnormality 
of either the serum bicarbonate or of the 
chloride. Definite HCA is an abnormality 
of both. Measurements must be made at 
least annually as HCA can occur at any time. 
Sodium bicarbonate 500 mg (6 mmol) twice 
daily is the starting dose and it is increased 
until both parameters come into the normal 
range. It is rare to find that treatment can be 
stopped, although the dose can sometimes 
be reduced. 

Treatment of established osteomalacia is 
principally of the HCA with alkalis, reduced 
dietary chloride and supplementation of 
calcium and phosphorus. The role of vitamin 
D is unclear: patients have been shown to 
recover without supplementation but recov- 
ery is likely to be faster if it is given early in 
small doses such as 10 000-100 000 units of 
D, daily [20]. 


Rectum 


The conventional uretero-sigmoidostomy 
stores urine at a pressure of about 40 cm H,O 
[21]. The pressure rises as the rectum fills and 
the walls are less compliant than urologists 
are used to seeing in the bladder [22]. During 
sleep, although the rectal pressure falls so 
does the anal pressure, which increases the 
risk of nocturnal incontinence [21]. 


Figure 11.1 Coronal CT scan of a patient with a 
Mainz II variation of the uretero-sigmoidostomy 
showing gas in the renal pelvis, calyces and ureter 
(arrows). 


The high rectal pressure increases the inci- 
dence of reflux into the kidneys, leading to 
infection (Figure 11.1). In some patients there 
is also reflux of urine up the colon as far as the 
caecum (Figure 11.2). As the severity of HCA 
is proportional to the surface area of bowel in 
contact with urine, patients have a biochem- 
ical problem that is difficult to control. 

The success of the ileal conduit con- 
siderably reduced the use of the uretero- 
sigmoidostomy. The realisation that the 
conduit was not as good as it originally 
appeared and the development of continent 
diversion eventually led to a small renais- 
sance [23]. The important change was based 
on creating a low pressure reservoir by aug- 
mentation or re-forming of the rectosigmoid 
area [10]. 

The only system of low pressure rec- 
tosigmoid pouch that remains in use is 
the Mainz II. In this operation, the upper 
rectum and lower sigmoid are opened 
longitudinally over 20 cm and conformed 
into a ‘U’-shaped reservoir. It has a mean 
pressure over 24 hours of 8.7 cm water, rising 
to 13.8 cm when full. The mean capacity is 
520 mL (range 270-650 mL). There is no 


145 


146 


Radiology and Follow-up of Urologic Surgery 


Figure 11.2 Delayed film of an intravenous urogram 
of a patient with a conventional 
uretero-sigmoidostomy showing contrast refluxing 
up the colon as far as the right side. AC, ascending 
colon; R, rectum; SF, splenic flexure; TC, transverse 
colon. 


Figure 11.3 ‘Pouchogram’ of a Mainz Il 
recto-sigmoid pouch (MP) showing minimal reflux of 
contrast into the descending colon (arrow, DS). 


reflux into the descending colon at these 
volumes (Figure 11.3) [24]. 


Continence (Mainz Il) 
The published continence rates are remark- 
ably consistent at 92-100% by day and 


marginally lower at night [25]. Investigation 
suggests that the main cause of incontinence 
is a deterioration of the anal sphincter pres- 
sure, particularly the maximum anal closing 
pressure (MACP), which is found in patients 
who are incontinent after surgery. On inves- 
tigation pre-operatively, patients had a mean 
MACP of 232 mmHg compared to 194 
mmHg postoperatively. However, in a retro- 
spective portion of the investigation, incon- 
tinent patients had a MACP of 117 mmHg 
(SD + 14) [26]. Assuming this to be the case, 
in addition to the traditional test of filling 
the rectum with 500 mL porridge to test 
continence, anal manometry could be used 
to identify patients with a MACP of <200 
mmHg who would be predictably inconti- 
nent with a Mainz IL Incontinence is difficult 
to manage. The effluent is still foul smelling 
and only nappies will contain major leakage. 

Very occasionally, there is a correctable 
problem in the rectosigmoid reservoir. The 
capacity can be measured by filling with 
X-ray contrast to see at what volume it 
refluxes into the descending colon. If it is 
less than about 350 mL, augmentation of 
the pouch with ileum may be helpful. Sim- 
ilarly, anorectal manometry may show a 
pouch with a higher pressure than the anal 
sphincter can control and augmentation may 
improve matters. 

If it does become necessary to abandon 
a Mainz II diversion, the pouch should not 
be left in situ as it becomes a repository for 
inspissated faeces of ever-enlarging capacity. 
It may be possible to re-tubularise it or use 
it for urine storage. Otherwise it has to be 
removed. 

In patients presenting with a conven- 
tional uretero-sigmoidostomy that has been 
continent for many years but has become 
incontinent, it is tempting to make a con- 
version to a Mainz IIL. In our own series, this 
was only successful in two of four patients. 
The acquired incontinence is more compli- 
cated and requires the help of a colorectal 
service. Unless there is an identifiable cause, 
a different diversion should be made [25]. 
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Anastomotic Cancer 

Much the most important consequence of 
diverting urine into the rectum is cancer at 
the anastomosis between the ureters and the 
bowel, first reported in 1929 [27]. 


Aetiology The tumours arise at the anasto- 
mosis or very close to it in more than 90% 
of cases (Figure 11.4). In patients diverted 
for benign disease, 95% are adenomatous but 
other types have been reported [28]. There 
has been some controversy on whether it is a 
tumour of the colon or of the ureter following 
adenomatous metaplasia. As tumours occur 
only at the anastomosis and not in adjacent 
areas, particularly not on the wall opposite 
the anastomosis, it seems best to consider 
the anastomosis as the primary site. This 
would also concur with the experimental 
findings in animals. 

The most important aetiological factor 
both experimentally and clinically is the con- 
fluence of urine and faeces at the anastomosis 
between the urothelium and the colon. 

In rats, the union of the urinary and 
faecal streams is as powerful a carcino- 
gen as dimethylhydrazine (DMH) or 
N-[4-(5-nitro-2-furyl)-2-thiazoly] formanide 
(FANFT) which are very potent urinary and 
bowel carcinogens, respectively. Union of the 
urinary tract with the colon but with faeces 


Figure 11.4 Fresh 
surgical specimen 
opened to show the 
relationship between the 
ureter (Ur), the 
anastomosis to the colon 
(A) and the tumour (Tu) 
which in this case was a 
benign adenoma. 


excluded does not precipitate tumours [29]. 
In humans, the same applies: tumours occur 
when the two streams are mixed. They are 
rare in isolated colon conduits or reservoirs. 

It must be remembered that the colon is 
a common site of adenocarcinoma and in 
patients under 40 years old 60% are in the sig- 
moid colon [30]. Cancer in intestine exposed 
to urine may be spontaneous and unrelated 
to the urinary diversion. In a literature review 
in 2004, five adenocarcinomas were identi- 
fied in colon conduits and nine in colonic 
reservoirs [31]. Eight of these 14 occurred 
in less than 10 years from formation of the 
diversion and an indeterminate number were 
not at or even near the ureteric anastomosis. 
As the latency for the anastomotic tumour 
of the uretero-sigmoidostomy is at least 12 
years, many of those in this review may have 
been colon primaries occurring, coinciden- 
tally, in the pouch (Figure 11.5a). Metastases 
may also occur in urinary reconstructions 
(Figure 11.5b). Anastomotic tumours are not 
seen if faeces are excluded. 

The increased risk of carcinoma in patients 
with uretero-sigmoidostomy has been esti- 
mated at 1726 times that of the normal 
population [32]. 

In humans, the carcinogenic agent may be 
an N-nitroso compound produced from uri- 
nary nitrates and faecal secondary amines. 
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Figure 11.5 (a) A sagittal magnetic resonance image (MRI) of a carcinoma (arrow, T) in a right colon reservoir 
(arrow, P). This patient had multiple dysplastic polyps elsewhere in the colon and the tumour in the reservoir 
was assumed to be a carcinoma of the colon rather than a result of urine in a reservoir. (b) A pouchogram 
(Pouch) with an obstructed Mitrofanoff catheterisable conduit (arrow, M) due to a metastasis from a carcinoma 
of the cervix (outlined); the patient had previously had an anterior pelvic exenteration. 


These potent carcinogens are present in 
uretero-sigmoid effluent in a concentration 
10 times greater than in normal bladder 
urine. The concentrations in isolated colonic 
and ileal conduits are variable between 
patients. The only consistent finding is that it 
is lower when the urine is sterile [33]. 

The predisposing factor for neoplasia is 
that there has ever been an anastomosis 
between the urinary and faecal streams. 
Thus, the anastomosis is at risk in patients 
whose diversion has been changed from a 
uretero-sigmoidostomy to another system, 
leaving the ureteric anastomosis in situ. 


Presentation and Management Now that 
the natural history of the condition is well 
understood, all cases should be found at 
screening sigmoidoscopy. However, patients 
presenting with ‘haematuria’ or anastomotic 
obstruction should be investigated with 
this diagnosis in mind. A normal ureteric 
orifice is shown in Figure 11.6(a) but some 
can look like tumours. On the other hand, 


tumours as small as 8 mm may be malignant 
(Figure 11.6b). 

The shortest recorded period of exposure 
to risk that resulted in an anastomotic cancer 
is 9 months. In other case reports, a benign 
neoplasm occurred after 2 years of expo- 
sure and the oldest malignancy for a patient 
diverted in childhood is 49 years. 

The mean time from formation of the 
uretero-sigmoidostomy to the development 
of an anastomotic tumour is 18 years for 
a benign polyp and 25 years for a malig- 
nant adenocarcinoma. It is presumed that 
the ‘benign’ tumours become malignant 
over 5-10 years. Overall, the risk of any 
neoplasia is 22% at 20 years and about 
30% at 30 years after the formation of 
uretero-sigmoidostomy [28, 34]. 

When found at annual screening flexi- 
ble sigmoidoscopy, tumours should be in 
a pre-malignant state. They can then be 
treated by local excision of the anasto- 
mosis and a cuff of colon [35]. Although 
this renews the risk of neoplasia, it is the 
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Figure 11.6 (a) Endoscopic view of a normal ureteric orifice in the colon (arrow). (b) An 8-mm anastomotic 
neoplasm that was malignant on histology. Source: Woodhouse 2015 [37]. Reproduced with permission of 


John Wiley and Sons. 


choice of at least two-thirds of affected 
patients [36, 37]. 

No neoplasms have been reported in a 
modified uretero-sigmoidostomy, such as 
the Mainz II. However, it would be naive to 
think that there was no risk. Screening by 
appropriate endoscopy is required for the 
groups at risk. 


Urodynamic Findings 


Providing enough bowel is used, all segments 
can be made into a low pressure storage 
reservoir. At least in neobladder reservoirs 
in cystectomy patients, urodynamic compli- 
ance and pressure is better with ileum than 
with an ileo-colonic segment (see Chapter 
10). For capacities, ileo-colonic segments 
are very similar to ileum alone [38]. Sigmoid 
colon reservoirs are one-third smaller than 
the others and a have a worse compliance 
(mean of 11 mL/cm water vs. 34 mL/cm 
water) [39]. 


Stones 


Of the many problems that are a consequence 
of storing urine in an intestinal reservoir, 


urolithiasis is one of the most common. 
Stones, especially in the reservoir, can occur 
in up to 53% of patients and have a high 
tendency to recur. The incidence increases 
gradually with length of follow-up; the mean 
time to stone formation is between 24 and 45 
months (range 1 month to 10 years) [40]. The 
observation that some patients form stones 
repeatedly and others never do, even after 
15-20 years of observation, suggests that 
there are factors other than just urine storage 
in bowel to be identified. 

Most of the stones contain more calcium 
phosphate (CaP) than magnesium ammo- 
nium phosphate (MAP) and this is to be 
expected, as CaP is the first salt to crys- 
tallise out as urinary pH rises above 6; MAP 
generally crystallises out only at pH values 
above 7 and in the presence of a urinary tract 
infection with a urea-splitting organism. 
Some stones form in sterile urine (14% in 
our patients) and are usually a mixture of 
calcium oxalate and calcium phosphate [41]. 
The low pH in gastrocystoplasties protects 
them from stone formation and they are also 
rare in clam cystoplasties. 

Urolithiasis is considered to be a multi- 
factorial problem, including urinary stasis, 
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infection, post-void residual (PVR) and 
foreign bodies [42, 43]. 

In patients with intestinal reservoirs, 
there are significant differences in urine 
composition and diet between stone for- 
mers and non-stone formers. Two-thirds 
of stone formers are either hypercalciuric 
(>6 mmol/day), all of whom have a renal 
leak of calcium because of a high intake 
and throughput of sodium, or have mild 
hyperoxaluria (>0.45 mmol/day). 

In non-stone formers, the mean 24-h 
urine volume is 41% higher and the mean 
citrate excretion is 173% higher than in 
repeated stone formers. Urinary pH is 6.46 
(range 6.0-7.0) in non-stone formers and 
6.93 (range 6.3-7.8) in stone formers. Eighty 
per cent of stone formers have high risks 
for three or more types of stone [44]. The 
features protective against reservoir stone 
formation are shown in Table 11.3 [41]. 

The role of mucus is uncertain especially 
as neither patients nor doctors have an easy 
means of measuring it. Scanning electron 
microscopy and energy dispersive X-ray 
spectrometry show that the mucus of stone 
formers has increased calcium, phosphate, 
magnesium and calcium to phosphate ratio 


than that of non-stone formers [45]. When 
small stones are removed from a reservoir, 
there seems to be a spectrum of material 
from mucus through a chalk-like material 
to frank stone, suggesting that mucus might 
be a nidus for crystallisation (Figure 11.7). 
However, at least in children, neither clean 
intermittent catheterisation (CIC) nor mucus 
on their own are causative factors [46]. 

Those who void ‘naturally’ through the 
urethra seldom, if ever, form stones. There 
are conflicting results for patients who use 
CIC either through the urethra or through 
a Mitrofanoff channel at the top of the 
neobladder which suggests that there is little 
clinically significant difference [40, 46, 47]. 

Stone formation in intestinal reservoirs 
remains acommon problem. Stones can grow 
very quickly. Large stones, as in Figure 11.8, 
are best removed by open surgery. Endo- 
scopic removal, especially through a small 
catheterisable channel such as a Mitrofanoff, 
is difficult. The instruments have to be 
no bigger than 14 Fr. Even when stones are 
fragmented, the small particles adhere to 
the intestinal mucosa and are difficult to 
wash out. Stones of 1-2 cm can be removed 
percutaneously [48]. 


Table 11.3 Guidance on prevention of stones in intestinal urinary reservoirs. Based on theoretical data. There is 
no evidence that stone incidence is reduced with these regimes. 


Notes 


Urine output >2 L/day 

High fibre 

Low oxalate 

Moderate calcium (2-3 servings/day) 
4—5 oz (140-160 g) animal protein/day 
5 servings fruit/day 

Low carbohydrate 

Low salt (especially ‘junk food’) 

No supplements of vitamins C or D 
Reservoir washout at least x2/week 
Ensure complete reservoir emptying 


Empty reservoir at least 4-hourly 


UTI, urinary tract infection. 


Equivalent to intake of 3—4 L/day or 4—6 L/day in hot weather 
Binds calcium in gut 
Spinach, beetroot, nuts, chocolate, soya beans, tea without milk 


Serving = 1/3 pint milk, small yoghurt, 1 scoop ice cream 


Might washout stone crystals before they form stones 


Longer intervals may increase UTI risk 


Source: Hamid et al. 2008 [41]. Reproduced with permission of John Wiley & Sons. 
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Figure 11.7 Clinical 
photograph showing a 
mixture of small stone 
fragments mixed with 
mucus and larger stones, 
removed from an 
intestinal reservoir. 
Source: Woodhouse 

2015 [37]. Reproduced 
with permission of John 
Wiley and Sons. 


Figure 11.8 Plain X-ray in a boy born with exstrophy 
(note the open pelvic ring) to show two large and 
many small stones in a urinary reservoir. 


Renal Function 


A review of the literature from 2000 to 2013 
concluded that the storage of urine in any 
intestinal reservoir does not, in itself, damage 
renal function [49]. Unfortunately, only 41 
papers were evaluable, only three of which 


were controlled trials and the quality was 
generally poor. Most of the data apply to 
adults having cystectomy. Ureteric obstruc- 
tion is much more damaging than reflux. 

Part of the regular follow-up of patients 
with urinary diversions should include a 
measurement of renal function. As a routine, 
annual renal and reservoir ultrasound (US) 
and serum creatinine are sufficient. However, 
if either shows deterioration, a chromium 
ethylenediaminetetraacetic acid (EDTA) 
measurement of the glomerular filtration 
rate (GFR) should be performed. It is impor- 
tant to do the renal US with the reservoir 
both full and empty — apparent hydronephro- 
sis often resolves when the reservoir is empty 
and this is a normal finding not indicative of 
renal damage (Figure 11.9). 

If renal function is found to be deteriorat- 
ing, the search should begin for an underlying 
cause. If there is a steady rise in creatinine 
over time, the most likely culprits are ureteric 
obstruction or consistent failure to empty 
efficiently. Step-like rises are more often a 
result of repeated episodes of pyelonephritis. 


Perforation 


Much the most dangerous complication of 
an intestinal reservoir is perforation. The 
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full bladder 


peritoneal cavity becomes contaminated 
with urine which is likely to be infected. 
Patients develop peritonitis. In many cases 
there is rapid deterioration with septic shock 
over 24—48 hours. If not treated effectively it 
will be fatal. 

The incidence is about 2% in colon reser- 
voirs and about 1.3% in ileal ones at a mean 
follow-up of 22 months [50]. The risk does 
not disappear with time and longer follow-up 
produces more cases, with an incidence of 
4.5-5% beyond 10 years [51]. Most perfora- 
tions occur with a full reservoir, especially 
in the mornings and sometimes after minor 
trauma (including catheterisation). Young 
age and spina bifida strongly predispose to 
pouch perforation. Perforations of gastro- or 
ileo-cystoplasties are rare, while colonic ones 
may be at greater risk [52, 53]. In a series 
from the USA, 21% of patients ruptured 
while drunk [54]. 

The diagnosis should always be sus- 
pected with sudden onset of abdominal 
pain and diminished drainage of urine on 
catheterisation. Examination usually shows 


211.9 Ultrasound 
images of the right 
kidney in a patient with 
an ileal neobladder (a) 
before and (b) after 
bladder emptying (the 
corresponding bladder 
images are shown 
below). Note the degree 
of calyceal dilatation 
(arrows) is markedly less 
after bladder emptying. 


nearly empty bladder 


the signs of peritonitis, but at first they may 
be minimal. 

The best investigation is a CT scan (with 
a formal CT cystogram the most sensitive), 
but US may also show the pockets of free 
fluid that are characteristic of perforation 
(Figure 11.10) [55]. A fluoroscopic cystogram 
may appear normal even when the perfo- 
ration is still open and can therefore give 
a false negative result [56]. Whatever form 
of cystogram is used, the patient should be 
positioned in a downward angle with ade- 
quate filling (assessed by using the maximum 
volume reported by the patient) and delayed 
images [56]. 

The treatment is to insert a catheter and 
establish free drainage. The lethal problem is 
septic shock which should always be antic- 
ipated. This requires immediate initiation 
of intravenous fluids, antibiotics and man- 
agement in an intensive care unit. Unless 
there is improvement within a few hours, a 
laparotomy is essential to washout and drain 
the abdomen. It is not always necessary to 
close the perforation. If it is easily accessible, 
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Figure 11.10 Pre-contrast 
coronal and axial (a,b) 
images of the abdomen 
after perforation of a 
neobladder, showing 
extensive free fluid (ff). 
(c,d) Corresponding 
images after instillation 

of 150 mL dilute 
omnipaque into the 
neobladder (bl) in a CT 
cystogram: opacified bl 
urine is clearly seen 

outside the bladder and WAENSATION EN 
within the peritoneum. 
Note the more dilute 
contrast superiorly 
(arrow in d) as mixing is 
occurring. Contrast does 
not always leak out 
through the defect and 
so the cystogram can 
give a false negative 
result. 


closure with a plug of omentum may be 
helpful, but free reservoir drainage, which 
should be continued for at least 3 weeks 
in all cases, will usually close it very well. 
There is often only a short window when the 
resuscitation has been achieved and before 
septic shock becomes irreversible, during 
which laparotomy is possible. The most com- 
mon reason for a death with this diagnosis is 
delayed diagnosis and treatment so that this 
treatment window is missed. 


Histological Changes 


The spectrum of changes in the ileum is 
shown in Figure 11.11. Villous atrophy is 
seen at a mean of 4.9 years, a mixed pattern 
by 10.6 years and widespread subtotal change 
by 13 years. The range is very variable and 
different patterns of change may be seen 
after similar periods of exposure to urine. 
These changes are mirrored by the loss of 
folds seen on imaging (see Figures 6.10 and 
9.10). This probably explains the relatively 


small metabolic effects that are found with 
ileal reservoirs. 

The bowel wall is infiltrated with inflam- 
matory cells. The submucosa and muscularis 
are always thickened and splintered. The lym- 
phatics are grossly dilated and the submucosa 
oedematous. Transitional epithelium grows 
in from the ureters over a radius of 3-5 mm, 
displacing the ileal epithelium and abnormal 
cells are found in the lining of conduits which 
have been labelled as dysplasia but there is 
no evidence that these are pre-neoplastic 
changes (Figure 11.12). 

These changes have been widely reported 
in experimental animals and in human ileal 
conduits. The few reports of reservoir biop- 
sies have shown a similar pattern, but the 
follow-up periods have been much shorter 
[57, 58]. Itis most unlikely that these findings 
are an indication of malignant risk. 

In colon used as a conduit, the mucosal 
pattern is not greatly changed from normal 
except that the goblet cells are decreased 
in size. There is a dense inflammatory infil- 
trate of plasma cells and eosinophils. These 


154 


Radiology and Follow-up of Urologic Surgery 


Figure 11.11 Photomicrographs with haematoxylin and eosin (H&E) staining showing: (a) normal ileal mucosa 
with long, spindly villi and thin submucosa (between the arrows); (b) partial villous atrophy the overall 
thickness of the mucosa is unchanged but the villi are shorter and the basal layer, containing the crypts of 
Lieberkuhn, is thicker (between the arrows); (c) subtotal atrophy is a more severe change in which the villi all 
but disappear and the mucosa takes on an appearance similar to colon. 


changes are more marked with longer expo- 
sure to urine, and mitotic figures are seen 
with increasing frequency up to 15 years of 
follow-up. There is little information about 
the changes seen in colon reservoirs. Some 
inflammatory changes have been described, 
but in patients with a mean follow-up of only 
9 years and 30% of patients had no changes 
at all [59]. 

In patients with a uretero-sigmoidostomy, 
sialomucin staining has been positive in 


biopsies close to the ureteric anastomosis 
in 90% of patients (Figure 11.13) [60]. In 
patients with ulcerative colitis, this would 
be considered a pre-malignant change. 
It may also be in the special situation of 
the uretero-sigmoidostomy which has a 
very high incidence of anastomotic malig- 
nancy. This change has not been reported 
in colocystoplasties. However, in rats with a 
colocystoplasty, non-invasive tumours occur 
in 20% after 2 years of follow-up [61]. 
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Figure 11.12 (a) In growth of transitional cell 
urothelium from the ureters (arrows). (b) Dysplastic 
cells (arrow), which are irregular, larger than usual 
and have bigger nuclei than the normal mucosal 
cells as in Figure 11.11(a). 


Infection 


In clinical practice, there is great difficulty 
in managing alleged urinary tract infections 


Figure 11.13 Photo- 
micrographs of biopsies 
from the colon stained 
with high iron diamine 
alcian blue. Left: from a 
normal colon showing 
dark staining of normal 
cells positive for 
sulfomucins. Right: from 
a uretero-sigmoidostomy 
showing blue staining in 
dysplastic cells positive 
for sialomucins. 


(UTD in patients with intestinal reservoirs 
and conduits. 

Reservoir infection is a diagnostic problem 
and symptoms can be non-specific. There 
may be malaise, low grade fever, feeling of 
a frequent need to empty the reservoir and 
other symptoms that are recognisable to 
individual patients. With a suspicious group 
of symptoms, a catheter specimen of urine 
should be sent for culture. The diagnosis 
depends on the culture of a single relevant 
organism. Blood tests are usually unhelpful, 
but the C-reacive protein (CRP) is occa- 
sionally raised. The critical issue is that, for 
a lower urinary tract infection to require 
antibiotics, it must be making the patient ‘il’ 
in some way. 

Acute pyelonephritis in a diverted patient 
is exactly the same as in anyone else. There 
is high fever, often with rigors, with pain 
and tenderness in the affected kidney. On 
investigation, the white blood count and 
CRP are raised. There is increasing use of 
more sophisticated biomarkers of infection 
such as procalcitonin or preseptin both for 
diagnosis and prognostication. US may show 
an oedematous kidney. Hydronephrosis will 
raise the possibility of a pyonephrosis. 

With or without infection, a plain X-ray 
showing air in the upper tract, especially 
with a Mainz II, is an indication of reflux 
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which will increase the risk of pyelonephritis 
(Figure 11.1). 

It is particularly important to recog- 
nise that smelly urine on its own is not an 
indication for antibiotics. Gross, painless 
haematuria should not be ascribed to UTI, 
but is an indication to search for stones or 
cancer as it would in any other patient. 

It is not surprising that UTI is greatly 
over-diagnosed. As with all other complica- 
tions, the longer the follow-up, the higher the 
incidence becomes. With strict attention to 
diagnostic criteria, an incidence as low as 3% 
after a mean of 11 years has been reported 
[62]. Others give 8-11% at 5 years, which 
seems more probable. 

With recurrent UTI, especially after a long 
period free of infection, it is prudent to look 
for reservoir stones. Although most will be 
identified on US, it may, occasionally, be 
necessary to perform a non-contrast CT 
scan. Review of catheterising technique may 
reveal that the reservoir is not being emptied 
completely or often enough. 

Most urologists will try low dose pro- 
phylactic antibiotics such as nitrofurantoin 
or trimethoprim. With very persistent 
and poorly controlled recurrent UTI, 
twice weekly irrigation with gentamicin 
or chlorhexidine may be useful [63]. 

In a small series of 15 with the patients as 
their own pre-treatment controls, cranberry 
extract has been found to be a useful prophy- 
lactic. Before treatment all patients had per- 
sistent bacteriuria, though only 26% actually 
had symptomatic infection. Treatment was 
with 36 mg of the cranberry extract Urell®. 
There was only one positive culture over a 
mean of 18.5 months on treatment (6%) and 
no episodes of symptomatic UTI [64]. 


Neoplasia 


Unlike those with a uretero-sigmoidostomy, 
patients whose urine is stored in isolated 
bowel segments or bladder augments have 
only a slightly increased risk of neoplasia in 
the long term. 


The same nitroso compounds that are 
found in excess in the effluent of uretero- 
sigmoidostomies are also found in urine 
from intestinal reservoirs. Levels are high 
when the urine contains bacteria and virtu- 
ally disappear after antibiotic treatment [65]. 
Although it known that these compounds are 
carcinogens, there is no confirmation that 
they are responsible for cancers in intestinal 
reservoirs. 

The majority of reservoir tumours are 
adenocarcinomas, but transitional cell and 
squamous cell carcinomas have also been 
reported. Higuchi et al. [66] recently con- 
cluded a long-term study of children who 
underwent augmentation cystoplasty and 
found no statistical difference in the malig- 
nancy rate in those augmented with ileum 
or colon versus control patients with the 
same diagnoses but no augmentation. How- 
ever, their data suggest an increased risk 
of malignancy in patients with neurogenic 
bladder or exstrophy. Per decade, the risk 
of malignancy for ileal or colonic augmen- 
tation is 1.5%. It is uncertain whether this 
slightly increased incidence is a result of the 
intestinal reservoir or the underlying bladder 
abnormality. In a review of malignancies 
in German patients with augmentations, 
there was excess of chronic inflammatory 
conditions, particularly tuberculosis, in the 
bladder [67]. The risk of bladder cancer in 
patients with exstrophy is increased more 
than 600-fold at age 40 compared with the 
normal population [34]. 

There may be an increased risk of malig- 
nancy in  gastro-cystoplasties. Where a 
denominator has been available, there have 
been five cases in 101 patients, 11-14 years 
postoperatively. All presented with metas- 
tases, four had died and one was alive with 
metastases at the time of publication [68]. 
The cumulative risk per decade at 2.8% is 
within the estimated rate for all forms of 
enteric bladder augmentation (1.5-5.5%) 
[69]. 

Unfortunately, most of the cases of malig- 
nancy in any reservoir that have been 
reported have developed in the interval 
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between screening investigations. They are 
aggressive and rapidly fatal cancers. Neither 
surveillance endoscopy of the reservoir nor 
cytological examination of urine have been 
useful in their early detection [58]. Patients 
will usually present with symptoms and 
clinicians must investigate the standard indi- 
cators of bladder cancer such as haematuria 
urgently. 


Urine Testing for Pregnancy 


A chance observation has shown that the 
standard human chorionic gonadotrophin 
(HCG) antibody test for pregnancy (blue line 
test) is falsely positive on 57% of occasions 
in both women and men using urine from 
any intestinal reservoir. This may be only of 
passing interest in the latter; it is of critical 
importance in women. Those who wish to be 
pregnant may believe that they are suffering 
from recurrent miscarriage. Those who do 
not wish to be pregnant may be very dis- 
tressed or even suicidal when finding a (false) 
positive. True pregnancy must be confirmed 
by measurement of the serum HCG [70]. 


The Conduit and Continence 


The conduit is the weak link in the recon- 
struction chain. For a colorectal pouch, the 
anus is, by definition, the conduit and has 
already been considered. No complications 
directly related to passing urine through it 
have been reported. The native urethra is 
considered in Chapter 10. The other possible 
conduits are shown in the third column of 
Table 11.1. 

Of these, there is general agreement that 
the appendix is the best. It is the easiest to 
harvest and to implant. It is resilient enough 
to survive catheterisation around six times 
a day for many years. Although there is a 
steadily rising complication rate as the years 
pass, particularly of stomal stenosis (25% in 
some series), surgical correction is usually 
possible. By 15 years of follow-up, about 


8% will have to be re-made and 4% require 
correction of prolapse. 

The Yang—Monti tube makes a good sub- 
stitute when the appendix is not available. A 
series from France found that 94% were still 
in use at a mean of 5 years [71]. Conversely, 
in London it was found that 15 of 25 children 
(60%) had catheterisation difficulties. In 
seven of them it was caused by pouch-like 
aneurysms of the channel, a problem that 
is unique to the Monti. In this series, com- 
parison was made with 69 contemporaneous 
appendix channels which had a 27% rate of 
difficulty with catheterisation. Other com- 
plications were similar between the two 
groups [72]. 

Data on the other types of catheterisable 
conduit are limited as numbers are small. 
Structures such as the ureter, detrusor, gas- 
tric or fallopian tubes have been used when 
more conventional options are not available. 
All are reported to be more complicated and 
less durable. 

In a sense, a part of all catheterisable chan- 
nels is a skin tube — the point where the chan- 
nel reaches the surface. It may be a fashioned 
tube or the umbilicus. The highest complica- 
tion rate comes from stenosis at this anasto- 
mosis. The longer the follow-up, the greater 
is the rate. It can never be said that enough 
time has passed that risk is eliminated. 

The VQZ anastomosis devised by Ransley 
is said to have the lowest stenosis rate, but 
there have been no formal comparisons. In a 
retrospective series, there were no stenoses 
with a VQZ, while 45% of skin tubes and 
25% of umbilical stomas developed steno- 
sis. These data are not very robust as there 
were only eight patients with VQZ and their 
follow-up was only up to 3 years. The patients 
with a skin tube had been followed for up to 6 
years and the umbilical ones to 14 years [73]. 
It is unlikely to be immune from stenosis in 
the long term. 

It is almost always possible to make a 
reservoir with a catheterisable stoma conti- 
nent with current standard techniques. With 
buried tubes using the Mitrofanoff princi- 
ple, continence is reported in 90-100% of 
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patients even beyond 15 years of follow-up. In 
100 consecutive patients with widely varying 
types of continent suprapubic reconstruc- 
tions, we found no statistically significant 
difference in the continence rate with any 
combination of reservoir or conduit [74, 75]. 

In patients who have been reliably con- 
tinent but after a long interval become 
incontinent, three possibilities should be 
considered. 


1 The continence mechanism, especially 
of a buried tube such as the Mitrofanoff, 
has deteriorated. The buried tube can be 
reconstructed fairly easily at operation. A 
failed natural urethral sphincter is almost 
impossible to correct unless an artificial 
urinary sphincter can be used. It is usually 
necessary to close off the bladder neck, 
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Surgery on the Benign Prostate 
Doug Pendse and Mark R. Feneley 


Introduction 


Research since the 1970s has shown that 
the lower urinary tract symptoms (LUTS), 
once described as ‘prostatism’, have several 
causes, one of which is bladder outflow 
obstruction (BOO) resulting from benign 
prostatic enlargement (BPE). Diagnostic 
imaging is used selectively in the assessment 
of men with LUTS, alongside clinical assess- 
ment of symptoms and urinary flow tests 
[1]. Although the most common cause of 
LUTS in men is BPE, the diagnosis is often 
multifactorial and the first role of imaging is 
to evaluate for other potential causes of void- 
ing dysfunction. A second role of imaging 
is to identify complications of BPE such as 
bladder calculi, hydronephrosis and urinary 
retention. Baseline imaging tests in men 
with LUTS have useful prognostic value, 
for those considering either medical [2-8] 
or surgical [9, 10] treatment options and 
are important for selecting and counselling 
patients for surgery. Lastly, in those patients 
in whom surgery is undertaken, imaging can 
be useful for both pre-operative planning 
and follow-up (Table 12.1). 

In uncomplicated cases, without urinary 
retention, no further structural assessment is 
typically carried out until endoscopic exam- 
ination at the time of surgical intervention. 
Assuming that BPE is determined to be the 
cause of symptoms, medical and surgical 
treatments are available. If the former is 


selected, it is particularly important that 
imaging studies are completed as endoscopy 
is not a part of the management. 

Although knowledge of prostatic size is 
important, more detailed structural imag- 
ing of the prostate is rarely undertaken for 
the purpose of refining surgical treatment. 
While different operative techniques may 
be favoured according to size, that itself 
does not indicate the need for treatment; 
however, it does contribute to risk of clinical 
progression and future need for surgical 
treatment [11]. 

When there is a history of pelvic injury 
or peripheral neurological disease, patients 
should be fully investigated before surgery 
as BOO is only one of several possible 
causes. 


Procedures 


There is a large and growing number of 
treatment modalities for BPE, wherein 
the position of transurethral resection of 
the prostate (TURP) as the ‘gold standard’ 
continues to be debated [12-15]. Just as 
structural conformation of the prostate and 
bladder neck may be relevant to assessment 
of symptoms, it may also be relevant to the 
applicability of some treatment modalities. 
Most operative treatments aim to debulk 
the prostate, by removing the median and 
lateral lobes, as evident endoscopically, 
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Table 12.1 Role of investigations in the diagnostic evaluation of bladder outflow obstruction (BOO) and 


benign prostatic enlargement (BPE). 


Test 


Urinary flow rate 
PVR 


Symptomatic assessment tools 
(i.e. AUA-7, IPSS) 


Bladder US 
availability 
TRUS 


Upper tract imaging (renal US) 


of BPE 
Urodynamics/VCMG In patients refractory to 
treatment 
Urethrogram In patients with suspected 


urethral stricture 


Multiparametric prostate MRI 


Suggested role 


Routine in all patients 


In selected patients depending on 


In selected patients as part of 
pre-operative planning 


For investigation of complications 


Not recommended for 
assessment of BPE 


Comments 


Routine in all patients 


US preferred to catheterisation 


Routine in all patients 


Can be combined with PVR and 
uro-flow tests (USCD) 


Pvol assessment (abdominal or 
TRUS) may be useful in planning 
medical therapy 


Haematuria, renal dysfunction, 
calculi, high PVR or UTI 


May be useful in pre-operative 
planning in selected cases (i.e. to 
exclude underactive bladder) 


Ascending and descending 
(voiding) studies 


Reserve for assessment of 
prostate carcinoma 


AUA, American Urological Association; IPSS, International Prostate Symptom Score; MRI, magnetic resonance 
imaging; Pvol, prostate volume; PVR, post-void residual; TRUS, transrectal ultrasound of prostate; US, ultrasound; 
USCD, ultrasound cysto-dynamogram; UTI, urinary tract infection; VCMG, video-cystometrogram. 


with techniques of resection, vaporisation 
(whether electrical or laser), or enucle- 
ation or combinations as vaporesection or 
vapor enuculeation. For the smaller prostate, 
transurethral incision of the prostate or 
bladder neck remain worthwhile and less 
invasive alternatives [16-18]. Whilst sharing 
the same therapeutic principle, there are 
numerous combinations of technique and 
modality, but currently many of them are 
not approved outside research evaluation 
owing to limited high quality evidence and 
long-term outcome data. 

Debulking may be important where relief 
of obstruction relies on removal of tissue. 
The amount of tissue clearance may be 
subject to the limitations of the surgical 
modality in larger prostates. Regardless 
of procedure-specific limitations, tissue 
clearance needs to be sufficient for relief 
of obstruction as this likely relates to 
all-important surgical outcomes including 


magnitude and durability of benefit. Unfortu- 
nately, no volumetric data exist that describe 
this relationship for any given modality; 
however, inference can be gained from com- 
parative studies. Evaluation of TURP against 
holmium enucleation (HoLep) in a ran- 
domised study indicates that HoLep removes 
more tissue with better relief of obstruction 
and subsequently has a lower re-operation 
rate [19]. By contrast, many minimally inva- 
sive treatments have been compared with 
TURP, demonstrating less effective tissue 
removal and higher re-operation rates. 
Nevertheless, at least in smaller prostates, 
minimally invasive treatments are often suf- 
ficiently effective, particularly where tissue 
clearance may not necessarily be required for 
excellent outcomes. 

Aside from consideration of relative effects 
on sexual function and complications, 
voiding outcomes after minimally invasive 
treatments may be overall less durable as 


evidenced by higher re-operation rates, 
emphasising the urodynamic importance of 
relieving obstruction. In a recent prospective 
non-randomised volumetric study, laser 
vaporisation was shown to be less effective 
than TURP for tissue removal, for improve- 
ment in uroflow and prostate-specific antigen 
(PSA) reduction, and was associated with a 
higher re-operation rate, significant in larger 
prostates measuring more than 40 mL [20]. 
Whilst it is beyond the remit of this chapter 
to review the multitude of therapeutic inter- 
ventions, it is surprising that a standard 
measurement of volume is not more fre- 
quently taken into account in considering the 
alternative treatment options. 

Approaches to destroy prostate tissue 
in situ have had variable success. They 
appeal as minimally invasive and therefore 
office-based procedures, or on account of 
side-effect profile, sometimes outweighing 
regulatory recommendations and lack of 
data on longer term outcomes. Examples 
include interstitial laser, transurethral needle 
ablation (TUNA), transurethral microwave 
therapy (TUMT), transurethral ethanol 
ablation of the prostate (TEAP) and, more 
recently, Rezūm therapy. Those having little 
impact on prostate volume probably depend 
in part on changes in neuromuscular func- 
tion within the prostate and bladder neck 
for — often limited — therapeutic efficacy. 
Procedures that mechanically open the pro- 
static urethra without changing prostate 
volume have included prostatic balloon 
dilatation, abandoned for high failure and 
complication rates, and prostatic stents, 
now infrequently considered other than in 
a surgical high-risk or palliative setting on 
account of disappointing durability. 

A relatively new treatment, now approved 
with good evidence for durable benefit, is 
the urethral lift procedure (UroLift™). It 
achieves efficacy by displacing the lateral 
lobes to relieve endo-prostatic obstruc- 
tion without compromising bladder neck 
function or causing prostate tissue damage; 
thereby sexual function is also preserved 
(Figure 12.1). Another minimally invasive 


Surgery on the Benign Prostate 


Figure 12.1 Schematic diagram showing Urolift™ 
implants (I) after their deployment, in relation to the 
dorsal vein (DV) and neurovascular bundles (NV). 
Image courtesy of Justin Hall, Vice President and 
General Manager EMEA NeoTract®, Inc. 


option attracting interest for treating large 
prostates is selective arterial embolisation, 
particularly where invasive surgical options 
are contraindicated; however, embolisation 
is not approved outside research evaluation. 

Published literature that focuses on out- 
comes of surgery for large prostates aims 
to demonstrate feasibility or otherwise of 
specific technologies and techniques, along 
with procedure-specific risks and complica- 
tions. Successful outcome also emphasises 
surgical skill and experience; it would be 
simplistic to surmise that necessary skills for 
any multitude of procedures are ubiquitous 
among surgeons. Whilst there are many 
technical surgical factors other than prostate 
size that determine outcome and complica- 
tions, size might be an objective leveller in 
the appropriateness of technologies as well 
as for evaluation of outcomes [21]. 


Outcomes and Complications 


When a patient is satisfied with the outcome 
of his operation, follow-up investigations are 
not needed. However, a measure of urine flow 
rate and post-void residual provide objective 
confirmation of the patient’s opinion. In prac- 
tice, men who are satisfied with the outcome 
of surgery are discharged. 
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Surgical procedures are nonetheless sub- 
ject to complications and outcomes that 
reflect the effects of surgery on voiding and 
sexual function relative to pre-existing status 
and the indications for surgery. Significant 
perioperative complications include capsular 
perforation, bleeding and need for blood 
transfusion, electrolyte disturbance leading 
to metabolic syndrome, infection and sepsis 
[22]. Procedure-specific perioperative risks 
relate to the surgical modality, operative 
procedure and duration, and composition of 
irrigation fluid, and usually they are less for 
minimally invasive procedures than TURP. 


Postoperative Failure to Void 


Following an otherwise successful prostate 
procedure, normal voiding may not occur 
on initial catheter removal in around 10% 
of cases. The first consideration is usually 
whether an adequate operation has been 
carried out. The removal of a previously 
protrusive median lobe and formation of a 
central prostate cavity may be evident on 
ultrasound (US). However, the apparent size 
of the prostate defect may be affected by 
the degree of bladder filling and mechanical 
characteristics of the prostate; similarly, the 
relative size of the prostate after surgery 
needs to take into consideration the cavity 
size and the weight of tissue removed. The 
effect of successful surgery on median lobe 
protrusion is shown in Figure 12.2, and 
on prostate volume for a different patient 
in Figure 12.3. In practice, whatever the 
conclusion of a postoperative US, failure to 
void usually requires re-catheterisation and 
further trials without catheter (TWOC). 
Re-establishment of voiding without the 
need for a further procedure may take up to 
3 months. 


Continued Failure to Void or Unsatisfactory 
Voiding 


Invasive investigations, including video- 
urodynamic and cystoscopic evaluation, are 
needed when treatment outcomes remain 
unsatisfactory, particularly when the most 


Figure 12.2 (a) Sagittal transabdominal ultrasound 
(US) of the bladder demonstrating a large median 
lobe of prostate (arrow) in patient with benign 
prostatic enlargement (BPE). B, bladder. (b) Sagittal 
transabdominal US of the bladder in the same 
patient following thulium vaporesection of the 
prostate. The median lobe is no longer present and 
the bladder neck is open at rest (arrow). 


obvious cause — chronic retention — is shown 
on US (Figure 12.4). Even in less extreme 
cases of post-surgical voiding dysfunction, 
non-invasive assessments such as urine flow 
rate and post-void residual do not usually 
have the value for assessment of the cause as 
they would in the untreated setting. How- 
ever, these investigations may be included 
for comparison with pre-treatment tests, 
and are necessary to secure a robust salvage 
therapeutic strategy. 

In some cases, factors contributing to 
unsatisfactory surgical outcomes such as 
overactive bladder (OAB) may have existed 
pre-operatively; OAB may contribute to post- 
operative urinary incontinence alongside 


Figure 12.3 (a) Sagittal transrectal ultrasound scan 
(TRUS) of the prostate demonstrating hypertrophy of 
the transitional zone (callipers) in a patient with BPE. 
Overall prostate volume is 60 mL. (b) Sagittal TRUS in 
same patient following treatment with thulium 
vaporesection. There is significant volume reduction 
of transition zone seen on TRUS with an open 
bladder neck. Overall prostate volume is now 30 mL. 


reduced outflow resistance. OAB sec- 
ondary to obstruction causing frequency 
and urgency may take several months to 
settle, and otherwise may require secondary 
medical or surgical treatment. 

Inadequate emptying may be the result of 
pre-existing bladder diverticula (Figure 12.5). 
Most surgeons will deal with proven bladder 
outflow obstruction first and reconsider the 
role of the diverticula afterwards. Diverticula 
have no muscle in the wall and may act 
as a ‘blow-off, preventing the generation 
of sufficient detrusor pressure to achieve 
emptying. They may also act as sumps from 
which the true bladder re-fills, giving an 
early sensation of the need for a repeat void. 
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This, and other complications such as stones 
or recurrent infection, will require removal 
of the diverticula and reconstitution of the 
detrusor after the prostatectomy. 

Surgery sometimes fails in its purpose, 
even when a procedure is performed as 
intended and technically correctly [23]. In 
standard clinical practice, chronic retention 
may persist reflecting an underactive bladder 
rather than failure to relieve obstruction; in 
such circumstances, prostate surgery may 
well still have been indicated, albeit with an 
inherent but often unevaluated increased risk 
of failure [24]. In the absence of a definitive 
indication such as retention, surgery for low 
pressure non-obstructed voiding may often 
not restore adequate voiding, and should be 
considered carefully. 

In some situations, the primary procedure 
may have been insufficient to adequately 
relieve outflow obstruction. That conclusion 
is intuitive where there is persistent urinary 
retention until a second procedure proves 
successful in restoring voiding. Retrospec- 
tively, the adequacy of the surgery or the 
choice of procedure may be challenged: 
was the initial operation adequate or was 
the procedure unsuitable for the debulking 
required? These considerations are often 
debated when comparing outcomes among 
different modalities; however, evidence for 
adequate volume reduction for any given 
procedure, based on studies of long-term 
outcomes, remains scant [25]. 

Cystoscopy is invariable necessary where 
surgical outcomes are unsatisfactory to 
reassess the prostate, and to detect urethral 
stricture or bladder neck stenosis requiring 
re-operation. Residual prostatic tissue or 
new growth may cause obstruction of the 
prostatic urethra or form a prolapsing ball 
valve at the bladder neck. The presence of 
residual obstructing tissue in this situation 
has entirely different implications for reliev- 
ing LUTS than where there is no obstruction 
and further surgery will not be beneficial. 
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Figure 12.4 Transabdo- 
minal bladder US, 
sagittal image on left, 
axial image on right. The 
study shows a 
post-voiding residual 
volume of 318.5 mL. 
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Figure 


e 12.5 (a) Axial transabdominal US of the bladder (B) showing marked bladder wall trabeculation with 


diverticula (D). (b) Axial pelvic magnetic resonance imaging (MRI) of same patient (T2-weighted image). 


Ejaculatory dysfunction attributed to ret- 
rograde ejaculation or anejaculation is a 
common sequela of prostate surgery and the 
main cause of subsequent sexual dissatis- 
faction. It occurs in around 75% of patients 
after TURP [26]. Patients should be warned 
of its likelihood but it cannot be regarded 
as a true complication. It may be less com- 
mon with treatments that are minimally 
invasive, parallel to which they also might 


be considered less effective [27, 28]. The 
cause might be understood when a prostate 
cavity is seen underneath an open bladder 
neck; however, other anatomical factors may 
enable ejaculation to be preserved in spite 
of bladder neck disruption (Figure 12.2b) 
[27-30]. In contrast, the apparently similar 
effect of alpha-blockade may include central 
inhibition of ejaculation alongside any effect 
on the bladder neck allowing true retrograde 
emission. 


Surgical treatments that aim to maintain 
ejaculatory function do so by surgically pre- 
serving the so-called ejaculatory zone of the 
prostate adjacent to the veru montanum and 
paracollicular region irrespective of bladder 
neck function [31]. Procedures such as the 
urethral lift maintain sexual function, and 
avoid tissue destruction or manipulation of 
the bladder neck (Figure 12.6). Indications 
for urethral lift include absence of a protrud- 
ing median lobe (as this cannot be displaced 
from its obstructive position) and a prostate 
that is not excessively enlarged. 

Erectile dysfunction after prostatectomy 
for BPE has been a contentious subject for 
many years. About 12% of all patients are said 
to experience deterioration in erectile func- 
tion according to recent literature; however, 
a similar percentage report improvement 
after surgery [32]. There are few prospective 
studies on men aimed specifically at deter- 
mining the incidence related to surgery, and 
those that exist have conflicting results. In 
untreated patients erectile function deterio- 
rates with age irrespective of co-morbidities 
[22, 33]. Favilla et al. [34] reported that the 
International Index of Erectile Function-5 
score (IIEF-5) in 178 sexually active patients 
fell from a mean of 24 (normal erectile 
function) to 18 (mild erectile dysfunc- 
tion) at 1 year after TURP which had a 
p value of <0.0001. However, this mean 


Figure 12.6 Prostatic urethra after Urethral Lift 
Procedure. Image courtesy of Justin Hall, Vice 
President and General Manager EMEA NeoTract®, 
Inc. 
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disguised the facts that 60% maintained their 
pre-operative IIEF-5 score and 40% even 
maintained antegrade ejaculation. 

A more interesting prospective study has 
been reported by Mishriki et al. [35] of a 
12-year follow-up of the sexual function in 
men after TURP corroborated by their sexual 
partners. All of the 73 men who were sexually 
active before surgery remained the same at 
6 months of follow-up (47 men were not 
followed up). Of the men who were impotent 
pre-operatively, 15% resumed sexual activity 
postoperatively. At 6 years, 31 of 101 patients 
(31%) who completed the sexual function 
questionnaire were still active and the same 
percentage was found at 12 years. 

Postoperative erectile dysfunction in men 
with prior normal erectile function is more 
likely in men with diabetes, hypertension, 
higher cardiac risk index, age over 65 and 
a high transfusion rate perioperatively [36]. 
The extent of surgery does not seem to 
impact on its incidence, whereas capsular 
perforation may do so [32]. The type of 
energy used to debulk the prostate does 
not appear to make any difference to the 
risk. Conventional mono-polar and bi-polar 
TURP have been compared prospectively 
in a randomised trial with no difference in 
outcome [37]. Literature review suggests no 
consistent difference with laser surgeries, 
minimally invasive treatments including 
TUMT, TUNA and ethanol ablation com- 
pared to TURP [28, 38]. Even a traditional 
open prostatectomy has no different out- 
come from TURP [36]. The risk associated 
with minimally invasive treatments may 
be less for a variety of reasons that also 
reflect non-surgical factors. Among these, 
GreenLight™ laser appears not to reduce 
sexual function except in those who already 
have an IIEF-5 score of less than 19 [39, 40]. 

This subject needs detailed discussion with 
the patient and, if possible, his partner to 
avoid disappointment for the patient and 
potential litigation for the surgeon. 
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Incontinence 


Urinary incontinence after prostate surgery 
reflects bladder and sphincter dysfunction 
and their coordination, assuming normal 
underlying neurology. Many cases resolve 
after physiological adaptation of the bladder 
to lower outflow resistance, and spontaneous 
resolution of postoperative irritative symp- 
toms by healing, sometimes facilitated by 
pelvic floor exercises and antimuscarinic 
medication. Underlying this, bladder outflow 
obstruction may be reversibly contributory 
to bladder instability prior to surgery, though 
there may be other non-reversible factors 
affecting bladder function including func- 
tional capacity and compliance, with age 
and duration of symptoms also playing a 
part. Other causes of incontinence include 
sphincter weakness from surgical injury 
which is relatively rare, mixed urge and stress 
incontinence, or residual obstruction from 
adenoma, bladder neck stenosis or stric- 
ture. For an adequate functional assessment, 
video-urodynamic studies and cystoscopy 
are essential in discriminating between 
these factors. The same considerations apply 
prior to surgery when there is a history of 
pelvic injury or peripheral neurological dis- 
ease, which should have been investigated 
pre-operatively. 


Stricture 


Bladder neck stenosis or urethral stricture 
may develop at any time after lower urinary 
tract surgery. Vascular factors or previous 
injury may predispose, and frequently would 
not be evident pre-operatively. Duration 
of the surgical procedure and endoscopic 
sheath size may be contributory to com- 
parative differences in stricture rate among 
modalities. These complications may be 
heralded by recurrent symptoms of obstruc- 
tion, to be distinguished from the effect 
of residual obstructing prostatic tissue or 
subsequent regrowth. They would usually be 
diagnosed by urethro-cystoscopy, otherwise 
by urethrographic imaging (Figure 12.7) 
or video-cystometrography (VCMG) (see 
Chapter 14). 

VCMG is particularly valuable for guid- 
ing management of LUTS persisting after 
surgery. However, even in this situation, it 
cannot provide an absolute prediction of 
surgical outcome. While there may be a place 
for cystometry prior to the initial surgery, 
not least for guiding the recommendation 
of surgery itself [41], other symptomatic 
and clinical considerations guided by stan- 
dard non-invasive functional investigations, 
including uroflow and post-void residual, 
may be a sufficiently pragmatic strategy 
[42, 43]. 


Figure 12.7 (a) A descending urethrogram showing a bulbar stricture (arrows) 1 year after transurethral 
resection of the prostate (TURP). This was treated by a formal urethroplasty, and on (b) ascending and (c) 
descending studies 3 months later the bulbar stricture is no longer seen. Small nodules of residual or recurrent 
BPE are seen best on the ascending study (b, arrows), before the prostatic fossa is fully distended. On the 
descending study (c) the open bladder neck is easily appreciated but the residual BPE less so (arrows). 


Traditionally, prior to the PSA era, in around 
10% of TURPs carried out for clinically 
benign prostatic enlargement, histological 
examination revealed the presence of unsus- 
pected malignancy. With PSA testing, this 
is a less frequent scenario, and an abnor- 
mal result will usually lead to investigations 
prior to any therapeutic prostate procedure. 
Even so, malignancy is sometimes identi- 
fied in men with PSA within the normal 
reference range, then warranting postoper- 
ative evaluation. It is inherent that TURP 
and other procedures for BPE that remove 
tissue specimens do not sample the entire 
prostate, and particularly not the peripheral 
zone where malignancy more often arises 
(Figure 12.8); other treatment options may 
not provide any tissue for histological assess- 
ment. For evaluation of malignancy after 
prostate surgery, formal prostate biopsy is 
necessary and clinical practice is increasingly 
using diffusion-weighted MRI for identifying 
targets for biopsy as well as for radiological 
staging (see Chapter 13). After TURP, consid- 
erable imaging artifact limits the diagnostic 


value of MRI, and PSA may also be spuri- 
ously elevated for several weeks (Figure 12.9). 
Unless there is an imperative for more urgent 
investigation, representative imaging can 
be undertaken until around 6 months after 
surgery by which time the functional out- 
come will be evident and can be taken into 
account for management decisions. 


Surgical debulking of the prostate does not 
halt the pathological process of BPE. The 
prostate continues to grow. This is particu- 
larly relevant to newer technologies whose 
long-term efficacy has not been established. 
In addition, age alters the neuromuscular 
function of the bladder, including devel- 
opment of overactivity, and nephrological 
function including decline in concentrating 
ability and onset of nocturnal polyuria. Older 
men may therefore develop LUTS at a vary- 
ing interval after an apparently successful 
surgical procedure. It is important to inves- 
tigate the causes of late recurrence of LUTS 
after prostate surgery as the causes may lie 
outside of the prostate. 


igure 12.8 (a) Sagittal and (b) axial TRUS images of the prostate in a patient with BPE. The central zone is best 
shown on the sagittal image (a, arrows), with the seminal vesicle duct passing through it to form the ejaculatory 
duct (a, arrowheads). Transition zone (TZ), peripheral zone (PZ) and bladder neck (BN) are shown in each image. 
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Figure 12.9 MRI images after TURP. (a-d) The same patient 1 year after TURP: (a) axial T2-weighted, (b) early 
dynamic post contrast, (c) coronal T2-weighted and (d) ADC map. The T2 signal in the peripheral zone is 
moderately reduced (a), and there is corresponding patchy enhancement (b, arrows) but not significantly 
restricted diffusion (d). Such appearances may last for years after TURP, with diffusion usually least affected. 

(e) T2 axial image from a different patient showing strands in the peripheral zone, a common appearance after 
TURP. (f) Tumour (arrow) on an MRI performed 2 years after TURP because of a rising prostate-specific antigen 


(PSA), and not sampled by the resection. 


Re-operation after initial success is 
required in about 10% of men by 5-10 
years, and may be necessary for residual 
or recurrent adenoma, urethral stricture 
or bladder neck stenosis [15, 44, 45]. 
Long-term follow-up studies after apparently 
successful surgery, however, indicate that 
recurrent symptoms more frequently 
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Imaging After Treatment of Prostate Cancer 


Alex Kirkham 


Introduction 


In a man diagnosed with prostate cancer, the 
prostate may be removed, irradiated (with 
external beams or brachytherapy) or ablated. 
Focal therapy, by radiation and ablation, is 
becoming an accepted treatment in men 
with intermediate to low risk disease [1] and 
active surveillance a rational approach in 
many [2, 3]. Hormonal treatments can have 
significant effects on the appearance of the 
prostate [4]. 

The post-treatment imaging of men after 
treatment for prostate cancer has a common 
thread: with all modalities, recurrences can 
occur, and they usually have similar signal 
characteristics to tumour on pre-treatment 
scans [5]. However, the surroundings vary 
and we therefore arrange the chapter by 
modality, starting with radical prostatectomy. 


Appearances After Radical 
Prostatectomy 


The incidence of leaks after radical prostate- 
ctomy is around 9% on cystogram at 1 week, 
and they are associated with a lower rate 
of continence at 3 months (Figure 13.1) [6]. 
Computerised tomography (CT) cystogra- 
phy detects considerably more leaks (in up 
to one-third of patients in one study) [7], 
and shows that they are often small and con- 
tained, lying behind the urethra and bladder 


neck or extending into the prostatectomy 
bed although, less commonly, ileus and peri- 
tonitis can occur [8]. Magnetic resonance 
cystography is likely to have similar perfor- 
mance, although the additional complexity 
is probably not justified for routine use [9]. 
Transrectal ultrasound is an emerging alter- 
native, with a good sensitivity, but some false 
positives resulting from peri-urethral fluid 
[10]. A leak indicates an incomplete anasto- 
mosis, which normally heals by secondary 
intention, associated with fibrosis and pos- 
sibly a higher incidence of contracture [11], 
although this is debated [8], and the final rate 
of continence may be little lower [6]. If the 
leak is detected and the bladder drained, the 
normal course is gradual healing or oblitera- 
tion of the contained leak cavity over weeks 
or months, although some irregularity may 
persist. The need for routine cystography 
is debated, however, with some limited evi- 
dence that omitting it from the postoperative 
pathway does not increase complications 
[12]. 

Lymphocoele occurs commonly after rad- 
ical prostatectomy if a pelvic lymph node 
dissection is performed, but may still occur 
in 2.4-14% of patients who do not undergo 
lymphadenectomy [13, 14]. Lymphocoeles 
are seen as thin-walled, well-defined col- 
lections of close to water density on CT, or 
fluid signal on magnetic resonance imaging 
(MRI), and when small usually resolve spon- 
taneously without symptoms (Figure 13.2). 
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Figure 13.1 Anastomotic leaks after prostatectomy. (a,b) Large and small leaks at cystography 3 weeks after 
radical prostatectomy. (c) No leak is visible on the AP view. (d) Only on carefully turning the patient is a small 
anterior anastomotic leak visible. (e) Partial CT urogram in a different patient 1 week after prostatectomy shows 
a leak at the right side of the anastomosis (black arrow, with white arrows showing the extraperitoneal leak of 
contrast). (f,g) Extraperitoneal fluid tracking to upper pelvis (opacified posteriorly from the urogram) and lower 
abdomen in the same patient. (h) A CT cystogram in a different patient shows a large posterior anastomotic 


leak at 3 weeks (the arrow shows the defect). 


Figure 13.2 T2 axial image showing a lymphocoele 
4 months after prostatectomy and lymph node 
dissection (arrows). Note that it is thin-walled, of 
fluid signal and distant from the vesico-urethral 
anastomosis. 


When large they can occasionally cause pain 
or lower limb swelling and require treatment, 
usually by percutaneous drainage [15]. 


After prostatectomy the bladder neck has a 
funnelled appearance, and there are two main 
complications that may have imaging cor- 
relates: incontinence and obstruction from 
bladder neck contracture. There is some evi- 
dence that a longer length of external urethral 
sphincter on pre-operative MRI correlates 
with a reduced incidence of incontinence and 
one group has shown a similar association 
with both pre- and postoperative measure- 
ments of urethral length [16]. Others have 
not replicated this finding, but probably the 
most important association is with surgery 
for bladder neck contracture, which strongly 
increases the chance of incontinence [17]. 
Urethral hypermobility has been examined 
and probably does not strongly correlate with 
incontinence [18]. 

Symptomatic post-prostatectomy blad- 
der neck contracture has an incidence of 
8-16% [19, 20] and is usually suspected 
after a reduction in flow parameters, usu- 
ally within 6 months and uncommon after 
24 months [21]. Although often defined 
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Figure 13.3 Two examples of bladder neck contractures (performed on an ascending urethrogram as part of a 
video-urodynamics study). (a) A patient 2 years after radical prostatectomy. There is a short, tight stricture at 
the bladder neck (arrows), difficult to appreciate on any of the fluoroscopy views at the time (this is the best 
image). The retrograde urethral leak point pressure was low (indicating sphincter weakness) but the urethral 
pressure profile was high (>100 cm water). This is because the 8 Fr pressure profile catheter was only just 
admitted into the bladder: the stricture then caused an artefactually high ‘sphincter’ pressure at the neck. (b) A 
different patient who has undergone high intensity focused ultrasound (HIFU) and radiotherapy for prostate 
cancer. The bladder neck stricture (white arrow) was causing obstructed voiding; the prostatic cavity below is 
short and irregular. The veru (black arrow) is still seen but not obstructing. 


as the inability to pass a cystoscope past 
the bladder neck [22], it can be confirmed 
most reliably on video-urodynamics, when 
the anatomical abnormality is shown on 
imaging (Figure 13.3) and obstruction con- 
firmed by the pressure—flow relationship. 
This test is also very useful in the context of 
incontinence, to distinguish several different 
possible causes: reduced compliance, detru- 
sor overactivity or sphincter weakness [23]. 
The latter can be difficult to show with con- 
ventional Valsalva and cough provocation, 
with some men who have clear sphincter 
weakness not leaking during the test [24], 
and either urethral pressure profilometry 
[25] or retrograde leak point pressure mea- 
surement (which is simpler and requires less 
specialist equipment) [26] are likely to be 
more accurate. 


Residual Tumour After Radical 
Prostatectomy 


On T2 sequences residual tumour can appear 
relatively hyperintense to the surrounding 
post-surgical fibrosis or muscle [27, 28] 
but on diffusion and enhanced sequences 


it shows restriction, high signal on long b 
sequences and bright early enhancement, as 
on a primary diagnostic scan (Figure 13.4). 
It most commonly occurs close to the anas- 
tomosis, but can be seen anywhere in the 
surgical bed and at the site of transection of 
vas and vesicle [29]. A recent paper assessed 
the performance of: (i) T2, (ii) T2 and diffu- 
sion, (iii) T2 and dynamically enhanced and 
(iv) T2, diffusion and enhanced sequences. 
The best results were obtained with contrast 
and T2 sequences, and adding diffusion 
sequences had little impact: sensitivity was 
77-82% and specificity 83-87% [30]. Others 
have confirmed that enhancement is essen- 
tial (and most sensitive), but found diffusion 
imaging of paramount importance in the 
case of enhancement from surrounding 
structures (in particular veins) [31]. 


The Prostate After Ablative 
Therapies 


Although focal therapy is becoming an 
established method for treating localised 
prostate cancer [32], most of the published 
experience of prostate ablation comes from 
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Figure 13.4 Residual tumour on MRI 1.5 years after prostatectomy in a man with prostate-specific antigen 
(PSA) level of 4. (a) The T2 sequence shows no convincing abnormality in the region of the anastomosis, but 
subtle slightly asymmetrically low signal in the left pubic bone (arrows). (b) An early dynamically enhanced 
image and shows a tiny focus of residual tumour at the anastomosis (black arrow) as well as enhancement in 
the L pubic bone. (c,d) An ADC map and b2000 diffusion-weighted image; the tumour is too small to be seen 
(the enhanced images are more sensitive for small volumes) but the metastasis in the bone is well shown 


(arrows). 


studies of treatment of the whole prostate. 
We might broadly split the techniques into 
heating, cooling and irradiation. The last 
is not really the subject of this book, but 
will be addressed briefly in the context of 
brachytherapy. We predominantly describe 
the ablative technologies and, as well as 
describing the expected appearances, we 
make the case for imaging both early after 
treatment and later to detect residual tumour. 


Early Appearances 


We know that early after whole gland abla- 
tion the prostate swells, with a volume 
increase of around 50% in the first 2 weeks 
[33], and we have observed similar increases 
in volume in the treated quadrant of the 
prostate after focal therapy. All ablation 


modalities aim to produce confluent necrosis 
that covers the tumour, while minimising 
morbidity from damage to adjacent struc- 
tures (in particular the external sphincter 
and cavernosal nerves) [34]. While there are 
changes in the diffusion characteristics of 
treated prostate [35], techniques assessing 
perfusion are likely to have a higher spatial 
resolution for the assessment of necrosis, 
and while contrast ultrasound (US) has been 
used to assess perfusion after high intensity 
focused US (HIFU) [36], enhanced MRI 
allows a standardised technique and compar- 
ison with pre-operative imaging showing the 
tumour [36]. 

The technique for early scans can be sim- 
ilar to the European Society for Urological 
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Figure 13.5 Appearances after whole gland HIFU. (a,b) T2 and late enhanced sequences 1 week after 
treatment. There is patchy T2 change, but only the enhanced images shows the margins of the necrosis well 
(and a little lateral extra prostatic necrosis too;b, arrows). (c) At 6 months there is a small amount of uniformly 
low T2 signal material in the position of the prostate (arrows), with the urethra passing through the middle. 
Biopsy showed no evidence of residual tumour. 


Radiology (ESUR) guidelines for diagnos- 
tic MRI [37], with diffusion scans omitted. 
Dynamically enhanced sequences are ade- 
quate but standard spin echo pre- and 
post-contrast T1 images are of slightly 
higher resolution and may be substituted. 
The best time for scanning to show the 
treated volume is probably the first week: we 
know that prostate volume after whole gland 
treatment can shrink by up to 50% in the first 
month [38]. 

The T2 appearances are heterogeneous 
and cannot be used to assess necrosis 
(Figure 13.5). After contrast, complete 
ablation usually results in a homogenous, 
non-enhancing focus (subtracted images 
can be useful to allow for post-treatment 
haemorrhage), although the margins may be 
indistinct, with enhancing strands, and after 
HIFU an enhancing, usually continuous, rim 
measuring 2-8 mm in diameter [33]. 

An early scan has the potential to provide 
feedback to the operator about the accu- 
racy and completeness of the ablation, and 
potentially to predict early complications. 
How accurately does non-perfusion pre- 
dict necrosis? In cryotherapy, early studies 
suggested that if the non-enhancing zone 
covered the position of the tumour, recur- 
rence was unlikely [39], but subsequent 
analyses have found residual viable tumour 


inside the margins of apparently complete 
non-enhancement [40]. A study using a 
prototype transurethral HIFU device in dogs 
and assessing necrosis in prostatectomy 
specimens suggested that non-enhancement 
did indeed imply complete necrosis [41], 
but the accuracy probably depends on both 
the ablative technology used and the MRI 
technique employed. 


Early Complications 


Aside from necrosis extending outside the 
intended volume (whether in whole gland or 
focal treatments), the main early complica- 
tion of ablation is fistulation, either anteriorly 
into the symphisis (Figure 13.6) [42] or pos- 
teriorly into the rectum (Figure 13.7) [43]. 
Necrosis extending outside the prostate is 
common after primary ablation, and usually 
of no consequence even if it involves a signif- 
icant part of the rectal muscularis, but after 
radiotherapy (in particular, brachytherapy) 
is much more likely to cause fistulation, 
presenting weeks to months after the treat- 
ment [43, 44]. In patients undergoing MRI 
for suspected rectal fistulation, the finding 
of air within the prostate is suggestive, and 
the tract can often be seen on T2, short T1 
inversion recovery (STIR) and post-contrast 
sequences. 
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Figure 13.6 Anterior fistulation. (a,b) T2 and post-contrast images of a patient who presented with suprapubic 
pain 5 months after HIFU. Fluid (high signal on T2, low on the enhanced image) is tracking into the symphisis 
(arrows). (c) STIR image showing an anterior fistula in a different patient who underwent salvage HIFU for 
recurrent tumour after radiotherapy: the white arrows show fluid in the symphysis and the black arrows 
chronic radiation-induced osteonecrosis in the pubic bones. 


Figure 13.7 Posterior fistulation. (a,b) Post-contrast and T2-weighted images 3 months after salvage HIFU for 
recurrent prostate cancer after radiotherapy. Note the rectal wall necrosis (not quite involving the mucosa: 
arrows). In a patient who had not undergone radiotherapy this would be very unlikely to develop into a fistula. 
(c,d) Images at 7 months (c, axial T1, early after contrast; d, sagittal STIR) showing the established fistula. 


The appearances at 2-5 months are variable: 
resorption of necrotic tissue is taking place 
(and is usually complete at 6 months if there 
has not been previous radiotherapy) and 
the enhancing rim persists (and in some 
cases may be seen as a double rim) [33]. 
This makes it difficult to assess the prostate 
for residual tumour, and we usually wait 
until 6 months (or 1 year after radiotherapy) 
to do so. 


At 6 months, the ablated prostate is usually 
replaced by fibrosis: low in T2 signal and 
showing delayed, moderate enhancement (as 
elsewhere in the body) [45]. After focal ther- 
apy we have observed inflammatory-type 
signal change (mildly reduced T2 signal and 
moderately prominent enhancement) in the 
adjacent (and even contralateral) prostate 
that can persist for several years (Figure 13.8). 


Figure 13.8 Focal HIFU. (a,b) T2-weighted and dynamically enhanced images of a tumour in the left 
posterolateral peripheral zone (arrow). (c,d) T2 and post-contrast images 1 week after treatment; only the 
post-contrast image defines the necrosis well (arrows). (e-h) T2-weighted, dynamically enhanced, ADC map 
and diffusion-weighted (b1400) images 2 years later, after one further HIFU treatment for radiological 
recurrence. A small focus of recurrent tumour is seen on the enhanced image (arrows) but not on the T2 or 
diffusion-weighted sequences. Biopsy at this point was negative. (i-l) The same sequences 15 months later: the 
tumour is easily seen on enhanced and diffusion-weighted images (arrows) but remains hard to distinguish 


from post-HIFU fibrosis on the T2 sequence. 


The fibrosis can make residual low T2 sig- 
nal tumour difficult to see, and it is important 
to use a multiparametric protocol includ- 
ing diffusion and enhanced sequences [37]. 
The ADC map of the diffusion sequences 
can also be confusing, because fibrosis can 
appear as an absence of signal, and the long 
b sequence (showing high signal in rela- 
tively cellular tumour) [46] is particularly 
important. Tumour can be very conspicuous 
early after contrast because of the late, mild 
enhancement of fibrosis, but inflammation 
and residual prostate can enhance brightly 
too, so that contrast may be most sensitive 
and diffusion most specific: in one study 


diffusion images had a sensitivity of 66% 
and specificity of 76%, with dynamically 
enhanced sequences showing a sensitivity of 
83% and specificity 66% (it is likely that a truly 
multisequence approach will be most suc- 
cessful) [47]. One group found a sensitivity 
of 75% and a specificity of 76% for the detec- 
tion of tumour using contrast after whole 
gland HIFU [48], similar in performance to 
prostate-specific antigen (PSA) criteria (sen- 
sitivity of 78% and specificity of 79% for PSA 
nadir +1.2 ng/L in the whole gland HIFU 
registry [49]. Whether MRI will have a better 
performance than PSA criteria in the era of 
focal therapy is difficult to say, but it is likely 
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to have an important role in follow-up for the 
detection of residual or recurrent tumour: 
repeat biopsies are invasive and potentially 
morbid, and can also miss tumours unless 
targeted to MRI findings [50]. A recent 
study comparing MRI (in most cases with 
a protocol of T2 and dynamically enhanced 
sequences) with PSA for the detection of 
recurrence at biopsy showed that in many 
cases MRI was more accurate, with a higher 
area under the ROC curve [51]. 

After radiotherapy (both external beam 
and brachytherapy), the prostate is gener- 
ally smaller, with a loss of T2 signal and 
zonal differentiation [52]. This means that 
recurrent tumours are relatively hard to see 
on T2 sequences, but conspicuous on both 
enhanced and diffusion-weighted images, 
even if the there are low dose brachytherapy 
seeds. The figures for the detection of sig- 
nificant tumour are similar to those in the 
untreated prostate [53, 54]. 


Nuclear Medicine Studies 


Conventional fluorodeoxyglucose positron 
emission tomography (FDG PET) is 
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Urethroplasty 


Simon Bugeja, Clare Allen and Daniella E. Andrich 


Introduction 


The management of urethral strictures has 
evolved over the years. The simplest forms of 
intervention remain urethral dilatation and 
optical urethrotomy in the hope that healing 
by secondary intention will occur before 
further scarring [1]. The ‘curative’ rate is only 
around 60% and this only in short strictures 
of the bulbar urethra [2]. The long-term suc- 
cess rate and cost effectiveness decrease even 
further with subsequent attempts at endo- 
scopic intervention [3]. Therefore, in longer 
penile and bulbar strictures, congenital stric- 
tures of the penile urethra (hypospadias) and 
post-traumatic strictures, the only curative 
treatment option is urethroplasty. 

Contrast imaging (retrograde and ante- 
grade urethrography) forms an important 
part of the pre-operative evaluation of ure- 
thral strictures but is also the most common 
radiological investigation used in postopera- 
tive follow-up. Fifty-one per cent of articles 
in a systematic review of the literature used 
urethrography as a primary diagnostic tool 
for stricture recurrence [4]. Urethrography is 
performed in the early postoperative period 
in order to evaluate healing prior to catheter 
removal (pericatheter urethrogram, PUG) 
[5] and at various intervals thereafter in order 
to detect stricture recurrence. 


Pericatheter Urethrogram 


A urethral catheter is routinely used after any 
urethroplasty in order to stent the repair until 
healed. A PUG objectively confirms healing 
by the absence of extravasation of contrast 
[6]. A 6-Fr tube is passed alongside the 
indwelling urethral catheter and 10-30 mL 
water-soluble contrast gently injected under 
fluoroscopy, holding the penis on traction 
to obtain lateral views of the urethra at the 
site of the urethroplasty. The ideal time 
interval before catheter removal remains 
unknown but is generally between 1 and 3 
weeks [7,8]. In our practice, we perform 
PUG at 2 weeks on all patients having rou- 
tine penile or bulbar urethroplasty, 3 weeks 
following bulbo-prostatic anastomotic (BPA) 
or urorectal fistula repair and at 6 weeks after 
urethral reconstruction if the patient has had 
radiotherapy. If extravasation is detected, 
the catheter is left in situ for another week 
and the procedure repeated (Figure 14.1) at 
which time 85% of leaks have resolved. 
Prolonged radiological leak, particularly 
after penile urethroplasty, may indicate 
development of a urethro-cutaneous fis- 
tula, usually related to an infected suture 
or insufficient dartos interposition with 
wound breakdown. Once the catheter is seen 
through the suture line, such a defect will 
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Figure 14.1 (a) Pericatheter urethrogram 2 weeks 
after a single stage penile urethroplasty showing a 
large contrast leak from the suture line ventrally 
(arrow). (b) One week later the leak has resolved 
completely and the catheter can be removed. 


never heal spontaneously and the catheter 
is best removed with a view to repair of a 
mature fistula a few months later. However, 
particularly after anastomotic repairs of the 
bulbar urethra, a small anastomotic leak can 
create a small contained peri-urethral cavity, 
and is usually of no clinical consequence 
(Figure 14.2). 


Ascending and Descending 
Urethrography 


Complete assessment of stricture length, cal- 
ibre and location is only achieved by a com- 
bined ascending (retrograde) and descending 
(antegrade or voiding) urethrogram. 

The aim of the ascending study is to visu- 
alise the distal end and assess the length and 
diameter of the stricture. Radio-opaque con- 
trast is injected urethrally in order to distend 
and delineate the penile and bulbar urethra 
usually up to the external urethral sphincter. 


3 weeks 


8 weeks 


4 months 


Figure 14.2 Pericatheter urethrogram sequence 
after a bulbo-prostatic anastomotic urethroplasty. (a) 
At 3 weeks a small leak is visible at the anastomotic 
site (A) which is still visible at 8 weeks (b) at which 
time the catheter was removed. (c) At 4 months 
there is no stricture recurrence. Note intra-prostatic 
reflux of contrast (B) and up the left seminal vesicle 
(C) which might be mistaken for a leak. 


Figure 14.3 (a) Retrograde urethrogram (RUG) using 
Knutson’s clamp (A) distending the entire penile and 
bulbar urethra. There is a mid-bulbar stricture (B) 
and contrast fails to distend the external sphincter 
complex (C). (b) Voiding study in the same patient 
showing prestenotic dilatation of the prostatic and 
proximal bulbar urethra (D) indicating obstruction to 
flow. Note how the stricture is better seen on the 
more lateral view. 


When the patient is able to relax the external 
urethral sphincter, the prostatic urethra and 
bladder can also be visualised (Figure 14.3). 

Serial fluoroscopic images are obtained 
whilst the penis is held on traction to obtain 
lateral views of the urethra to avoid fore- 
shortening of the stricture (Figure 14.4). 
One should avoid undue urethral filling 
pressure to prevent urethral over-distension 
which may lead to urothelial rupture and 
extravasation. We use a Knutson’s clamp to 
create an adequate seal of the glandular ure- 
thra which causes less urethral trauma and 
patient discomfort than a partially inflated 
Foley catheter balloon in the navicular 
fossa. 


Urethroplasty 


Figure 14.4 Bulbar stricture (arrow) after 
anastomotic urethroplasty. (a) Stricture is 
foreshortened. (b) True stricture length is now clear 
on lateral view on voiding study. 


A voiding study provides a dynamic evalu- 
ation of a urethral stricture and will delineate 
the proximal end of the stricture; the pro- 
static and bulbar urethra proximal to the 
stricture will distend, confirming that the 
stricture is causing outflow obstruction 
(Figure 14.3b). In obliterative strictures, 
250 mL contrast is instilled into the bladder 
via the suprapubic catheter. The patient is 
asked to relax and ‘to imagine to void’, so that 
the bladder neck sphincter can relax, allow- 
ing contrast to enter the prostatic urethra 
down to the proximal end of the obliterative 
stricture (Figure 14.5a). 


The radiological appearance of the urethra 
after urethroplasty will vary according to the 
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Bladder 


Figure 14.5 (a) Ascending and descending (via suprapubic tube) urethrogram showing the defect and urethral 
tissue loss of a fall-astride mid-bulbar segment. AU, anterior urethra; PU, posterior urethra. (b) Spatulated 
end-to-end anastomosis after stricture excision. Source: Mundy 2005 [10]. Reproduced with permission of John 
Wiley and Sons. (c) Retrograde and antegrade postoperative urethrogram showing that the site of anastomotic 
repair (A) is slightly reduced in calibre, but does not cause distension of the prostatic and proximal bulbar 
urethra (d); therefore the relative recurrent stricture is not flow-significant and can be followed-up 


conservatively. 


type of procedure performed which in turn 
is dependent on stricture location, aetiology, 
length and previous intervention [9]. 


Traumatic Strictures 

In traumatic strictures, a urethral seg- 
ment has been crushed by a severe force 
(fall astride on to perineum, or pelvic 


fracture-related urethral crush or laceration 
from a pelvic bone spike or complete disrup- 
tion of the urethra). This high energy impact 
causes cell death. The dead urethral spon- 
giosal tissue is absorbed during the healing 
process, eventually leading to transmural 
fibrosis or loss of the entire urethral segment 
affected. 


As a principle, traumatic urethral stric- 
tures are repaired by excision and end-to-end 
anastomosis (i.e. suturing the healthy ends 
together). Depending on the length and 
location of the urethral loss, this can be 
technically more or less challenging. Spatu- 
lating the urethral ends of the anastomosis 
produces an oblique suture line with less 
chance of contracting during the healing 
process (Figure 14.5) [10]. The site can be 
often identified as a diamond-shaped area on 
follow-up urethrogram (Figure 14.6). 


Idiopathic Bulbar Strictures 

In idiopathic bulbar strictures, the spongiofi- 
brosis is remarkably superficial. Therefore 
an anastomotic technique is possible where 
the spongiofibrosis is short and can be 
excised, preserving the healthy part of the 
bulbar corpus spongiosum and bulbar arter- 
ies (Figure 14.7) [11]. This non-transecting 
approach can be augmented with buccal 
mucosal graft in longer strictures if neces- 
sary [12]. In long bulbar strictures without 


Figure 14.6 Postoperative urethrogram after pelvic 
fracture urethral reconstruction. The anastomotic 
site has as a typical diamond-shaped appearance (1). 
This patient developed a new ischemic mid-bulbar 
stricture (2) as a result of reduced spongiosal blood 
flow. 


Urethroplasty 


a particularly tight segment, oral mucosal 
graft augmentation is used on its own. The 
graft can be placed dorsally (our preference 
in most cases) or ventrally [13]. The charac- 
teristic radiological appearance after graft 
augmentation bulbar urethroplasty is a ‘wider 
than normal’ segment where the patch has 
been placed and which sometimes appears 
irregular. Most men will have some degree 
of post-micturition dribbling and reduced 
force of ejaculation, as inevitably a few drops 
are trapped in the grafted urethral segment. 
Contrast may be seen to pool in the recon- 
structed urethral segment on a post-void 
image in these patients (Figure 14.8c). 


Penile Urethroplasty 

Penile urethral strictures cannot be managed 
by excision and primary anastomosis because 
of the risk of penile shortening and chordee. 
There are different surgical techniques used 
for the different aetiologies. 

For example, patients who have had prox- 
imal hypospadias repair in childhood and 
develop recurrent strictures later in life, 
have in fact a stenosed old foreskin flap tube 
which has become ischaemic over the years. 
Hence, the entire hypospadias repair seg- 
ment often has to be replaced. In such cases, 
oral mucosal grafts are used to substitute 
(re-build) a new urethral plate (Figure 14.9a). 
This has to be carried out in two operations, 
usually 6 months apart [14]. The first stage 
removes the failed skin tube and sutures ade- 
quately long and wide strips of oral mucosa 
on to the tunica albuginea of the corpora 
cavernosa. It takes 4—6 months for the revas- 
cularisation of the grafts to be stable. If a 
graft has revascularised (healed well), there 
is no contraction. During the second stage, 
the graft is re-tubularised to become the new 
urethra, covered by dartos subcutaneous tis- 
sue and the skin as a third layer (Figure 14.9b). 

Another common cause of penile stric- 
tures is lichen sclerosus (balanitis xerotica 
obliterans, BXO), which can affect the 
penile urethral segment to a variable degree. 
The main disease process affects the fossa 
navicularis in most cases, giving rise to 
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Figure 14.7 Short idiopathic bulbar stricture. In the non-transecting bulbar urethroplasty technique (NTABU), 
the superficial spongiofibrosis excised (a) and urethral plate reconstituted by mucosa—mucosa anastomosis (b). 
(c) The dorsal stricturotomy closed transversely. (d,e) Pre- and postoperative appearance after NTABU. Note the 
typical appearance of a ‘bulge’ on the ventral aspect of the bulbar urethra (e, 1) which is caused by buckling of 
the corpus spongiosum. Source: Bugeja et al. 2015 [12]. Reproduced with permission of AME Publishing 
Company. 


a dense stricture with bladder outflow 
obstruction for many years, leading to 
over-distension of the upstream penile and 
bulbar urethra with every void. Urothelial 
damage leads to urinary extravasation and 
inflammation causing partial spongiofibrosis 
of the penile urethra to a variable degree 
(Figure 14.10). The penile urethra is more 
vulnerable than the bulbar urethral segment 
because the corpus spongiosum there is 
much thinner. 

The latest urethroplasty techniques allow 
these challenging cases to be managed in a 
single stage [15], where two sublingual grafts 
quilted dorsally usually augment the affected 
urethral segments (Figure 10a), using an 
additional buccal mucosal graft for fossa 
navicularis reconstruction. 


Use of Ultrasound in Urethroplasty 
Follow-up 


Urethral sono-urethrography (SUG) was 
pioneered by McAninch in 1988 [16]. A 
high frequency linear probe (7-15 MHz) 
is used with the urethra gently distended 
with saline to evaluate stricture location, 
length and diameter. Even though retrograde 
urethrography (RUG) is more widely used, 
SUG is gaining popularity as an adjunc- 
tive diagnostic tool for urethral strictures, 
particularly in the bulbar urethra where it 
has been shown to be more sensitive than 
RUG in determining stricture length and 
location [17]. However, SUG is less sensitive 
for evaluation of posterior urethral strictures 
[18]. 


Urethroplasty 


Figure 14.8 Long idiopathic bulbar stricture: (a) dorsal patch bulbar urethroplasty using oral mucosal graft (1). 
(b) Ascending urethrogram showing the dorsal patch of graft as a smooth irregular area producing a patent, if 
slightly wider, bulbar urethral segment. (c) Pooling of contrast in the augmented bulbar segment on voiding 
study accounting for post-micturition dribble. 


AAN 
A. 


Figure 14.9 Penile urethroplasty. Two-stage procedure for proximal hypospadias stricture reconstruction. 

(a) Appearance of a healthy, good calibre urethral plate reconstructed with two sublingual grafts at the ‘first 
stage’ of the urethral reconstruction. (b) Three-layered neo-urethral retubularisation (graft, dartos, skin) at the 
‘second stage’. 
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Figure 14.10 Full-length lichen sclerosus (BXO) stricture managed with a double sublingual dorsal 
augmentation technique. The urethra is mobilised from one side and opened dorsally. (a) The graft (G) is fixed 
dorsally to the tunica albuginea of the corpora cavernosa and then sewn to the urethral edges. (b) Pre- and 


(c) postoperative urethrograms. 


SUG is the best investigation to deter- 
mine the thickness of spongiofibrosis (areas 
of hyperechogenicity) and peri-urethral 
involvement (Figure 14.11), which in turn 
determines the choice of urethroplasty pro- 
cedure [19]. From clinical experience we 
know that the relative thickness of spon- 
giofibrosis in idiopathic bulbar strictures 
is minimal when compared with the bulk 


Figure 14.11 Ultrasound urethrogram of a stricture 
(A) at the penoscrotal junction appearing as an area 
of poor distendibility. The full cross-section of the 
urethral wall is visible, giving an indication of the 
spongiofibrosis extending into the underlying 
spongiosum. 


of healthy spongiosum, and that where 
spongiofibrosis affects the urethra circum- 
ferentially, subsequent tightening of the 
urethral lumen over time can occur. 

The role of SUG as a screening tool 
for recurrent stricture after urethroplasty 
remains to be determined, being included in 
only 8% of follow-up protocols [4]. Stricture 
length or whether more than one urethral 
segment is affected by the disease process 
are still best evaluated by standard ascending 
and descending urethrogram. 


Follow-up After Urethroplasty 


Patients are followed-up after urethroplasty 
in order to assess outcome (success or failure) 
and detect recurrent strictures at an early 
stage. There is ongoing controversy as to 
which is the best modality [20]. Indeed, there 
is not even consensus as to what constitutes 
success or what defines a recurrent stricture 
[21]. Consequently, a ‘successful’ outcome, 
measured on clinical parameters alone, such 
as non-invasive flow rate [22] and patient 
reported outcome measure questionnaires 
(PROMs) [23], does not always equate to 
being stricture-free as patients clinically 
would not notice a recurrent stricture unless 
the calibre is less than 10 Fr [24]. 


Table 14.1 Follow-up protocol for urethroplasty. 


Timescale Procedure 

2-3 weeks Pericatheter urethrogram and 
removal of catheter 

3 months Urethrogram 
Flow rate, ultrasound PVR 
PROMs 

1 year Flow rate, ultrasound PVR 
PROMs 

5 years Urethrogram 
Flow rate, ultrasound PVR 
PROMs 


PROMs, patient reported outcome measure 
questionnaires; PVR, post-void residual. 


More objective postoperative inves- 


tigations include urethrography [20] or 
endoscopy [25]. Stricture recurrence usu- 
ally occurs within the first 2 years after 


Urethroplasty 


urethroplasty [26] and therefore our 
follow-up is most intense during this period 
(Table 14.1). However, a further urethro- 
gram is organised 5 years after urethroplasty 
because delayed stricture recurrence has 
been documented [27]. The old favourite 
of self-dilatation has been shown to be 
ineffective in preventing recurrence [28]. 


Radiological Appearance and Surgical 
Management of Recurrent Strictures After 
Urethroplasty 


Patients who develop a recurrent stric- 
ture after urethroplasty usually present 
with recurring poor flow, recurrent urinary 
tract infections or, sometimes, haematuria. 
This can happen early (a few months after 
surgery) or after several years. We usually 
pick up potential problems at the 3-month 
follow-up urethrogram, where the first signs 


Figure 14.12 (a) Ascending and descending urethrogram showing near obliterative mid-bulbar stricture with 
pre-stenotic dilatation (arrow). (b) Descending urethrogram showing slight irregularity of the anastomotic site 
but no pre-stenotic dilatation and minimal post-void residual. (c) Subsequent descending study showing a 
longer bulbar stricture proximal to the site of anastomotic repair (arrows). (d) Typical appearance post-dorsal 
patch augmentation bulbar urethroplasty. Note that what appears to be a recurrent stricture (arrows) is in fact 
the proximal anastomosis of the graft to normal urethra and is only a ‘relative’ narrowing because the grafted 


segment is ‘wider than normal’ and is not flow-limiting. 
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of a suboptimal surgical outcome are usually 
apparent. 

Generally, patients would be re-assessed 
by flow rate, post-void residual ultrasound 
and ascending and descending urethrogram 
to assess whether the problem is at the site of 
surgery or whether a stricture has developed 
in a different urethral segment. Most patients 
would then be evaluated cystoscopically at 
which time a urethral dilatation is performed 
(using serial plastic dilators over a safety 
guide wire). For early recurrent stricture, 
redo-urethroplasty is offered if feasible. 

The choice of surgical technique depends 
on the underlying aetiology of the stricture 
and previous urethroplasty technique used, 
and is individual. A redo anastomotic repair 
is often inappropriate because of the risk of 
shortening of the urethra causing chordee. 

A patient with a recurrent stricture is 
shown in Figure 14.12. He sustained a 
fall-astride bulbar crush injury when he was 
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The Postoperative Appearance and Follow-up 


of Urinary Tract Prostheses 
Alex Kirkham 


Introduction 


The main purpose of this chapter is to address 
the postoperative appearances of two classes 
of device: artificial urinary sphincters and 
penile prostheses. We also describe the 
appearance of different forms of metallic 
stent. Some of the problems with these 
devices are common (in particular, infec- 
tion); others are unique to the location. The 
indications for implantation, and the method 
for doing so, are beyond the scope of this 
chapter, and are described in detail else- 
where [1—4]. In addition, we focus on normal 
postoperative appearances and the ability of 
imaging to confirm a malfunctioning implant 
or diagnose the nature of the dysfunction. 
In most cases, routine imaging follow-up 
is not required when these prostheses are 
functioning well. 


Penile Prostheses 


Normal Appearance and Imaging 
Techniques 


The types of penile prosthesis can be 
classified according to the number of com- 
ponents. The simplest is probably a variety 
of malleable implants, with only corporal 
components that can be varied in angu- 
lation, rather than length (e.g. Spectra, 
AMS/Boston Scientific, Marlborough, MA, 


USA and Genesis, Coloplast, Fredensborg, 
Denmark). 

Two-component devices are usually used 
when placement of a separate reservoir com- 
ponent would be technically challenging, 
and use a scrotal resipump to cycle fluid in 
and out of the inflatable corporal compo- 
nents of the device; the current available 
device has excellent mechanical reliabil- 
ity at the expense of incomplete flaccidity 
(AMS Ambicor) [5]. 

Two current three-piece devices are mar- 
keted: the Coloplast Titan and AMS Series 
700. Both consist of a reservoir component 
(usually implanted in the space of Retzius, 
but sometimes deep to any of the muscle 
layers of the abdominal wall [1]), a pump 
component (almost always implanted into 
the scrotum, with connecting tubing passing 
next to or within the inguinal canal) and 
corporal components which consist of rigid 
and inflatable corporal parts (both of which 
can be varied in size). 

Malleable implants are seen on plain radio- 
graphy, as are parts of the corporal and pump 
components of inflated systems (Figure 15.1). 
However, most systems are now filled with 
saline rather than contrast (different from the 
usual practice with artificial sphincters) and 
plain films cannot be used to assess filling of 
the system, and certainly not the finer points 
of corporal positioning [6]. 
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Figure 15.1 Plain film showing a malleable penile 
implant (white arrows), together with an artificial 
urinary sphincter with the cuff (black arrow) 
positioned at bladder neck, reservoir (long white 
arrow) in left iliac fossa and pump (arrowhead) in 
scrotum. 


Both malleable and inflatable implants 
are clearly seen on both ultrasound (US; 
Figure 15.2) and magnetic resonance imag- 
ing (MRI; Figure 15.3). For the latter, the 
penis is usually scanned with the implant 
inflated and in the anatomical position. 


The protocol should include at a minimum 
T2 sequences with 3-mm slices and an in 
plane resolution of 1mm, together with 
at least one short T1 inversion recovery 
(STIR) sequence to detect fluid and inflam- 
mation. The routine use of T1 sequences 
and enhancement with gadolinium are not 
necessary [7]. All current devices are safe 
for MRI scanning, with the exception of 
the AMS Spectra, which shows heating of 
1.6° in a 3T MRI (of limited clinical signifi- 
cance) [8]. Although fibrosis may complicate 
the picture, MRI almost always shows the 
tunica albuginea of the corpora cavernosa 
well [7]. 

Computerised tomography (CT) is of 
considerably lower resolution and is not 
routinely used for imaging the penis [7], but 
US shows the tunica albuginea of the corpora 
cavernosa well and the scrotum at high reso- 
lution. It also shows the edge of a malleable 
implant well, but has some important limi- 
tations. In a post-implant penis defining the 
margins of the tunica albuginea on US can be 
challenging, and deflated, deep or displaced 
reservoir balloons can be difficult to see. 
Overall, US is an excellent way to check for 
fluid in the system [9], but only MRI has 


Figure 15.2 Ultrasound 
(US) of an inflatable 
penile prosthesis. (a,b) 
Axial and longitudinal 
images of the corporal 
component (arrows) with 
the device inflated; the 
echogenic tunica 
albuginea and Buck's 
fascia layer is shown by 
the arrowheads. (c) The 
pump (arrows), in this 
case surrounded by 
some fluid with fine 
strands (later shown to 
be infected). (d) The 
reservoir balloon (arrow) 
next to the bladder 
(asterisk). 
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2 15.3 magnetic resonance imaging (MRI) appearance of a penile prosthesis on T2 sequences: (a,d) 


sagittal; (b) axial; and (c) coronal. The white arrow shows the inflated corporal components, black arrow the 


reservoir balloon and arrowheads the pump. 


been shown to be accurate in the diagnosis of 
mechanical dysfunction [6, 10]. 


The position of all penile prostheses is well 
shown on MRI, and inflatable devices should 
by default be scanned inflated. Even in the 
case of severe intracavernosal fibrosis, the 
margins of the corpora cavernosa are of 
low signal on T2 sequences. Problems with 
positioning of the corporal components may 
occur either at implantation (in particular, 
crossover or perforation during placement) 
or at any time after implantation (in partic- 
ular a breach of the corpora cavernosa in 
the crural part, or distal erosion, occurring 
in around 1%, although in some series up to 
6.5%) [1, 11]. In general, these are well seen 
on MRI, although the spatial resolution is not 
accurate enough to characterise impending 
erosion. The ‘supersonic transporter defor- 
mity’ (Figure 15.4), caused by a hypermobile, 
non-tumescent glans, is often a result of 
a slightly proximal position of the corporal 
component, with failure to lie against the tips. 
The diagnosis is often apparent clinically [12], 
although it may sometimes be useful to show 
the position of these components on MRI. 
Overall, US may allow a more dynamic exam- 
ination with the device inflated, although 
there is no published description of its utility. 

As well as becoming displaced, implants 
may rarely show aneurysmal dilatation 
(Figure 15.5) or rupture (a common mode of 
failure in devices implanted for >10 years). 


Figure 15.4 Sagittal T2 image of a slightly oversized 
penile prosthesis (arrowheads show the corporal 
component), with some mild buckling at the base. 
This appearance can be produced by positioning for 
the scan, with dorsal downwards pressure producing 
a ‘kink’, but in this image it is a little more 
conspicuous than normal. The tip also shows a 
‘floppy glans’ or ‘supersonic transporter’ deformity 
(arrows) — sometimes occurring when the prosthesis 
is too short but often, as in this case, in spite of snug 
fitting of the corporal component against cavernosal 
tips. 


Both are apparent on MRI — with the latter 
demonstrated by incompletely inflated cylin- 
ders with the device inflated, or an incom- 
pletely distended reservoir when it is not. 
Penile shortening is commonly reported 
with inflatable implants, and there is some 
evidence that it can be mitigated by early 
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Figure 15.5 Sagittal T2 image of aneurysmal 
dilatation in a penile prosthesis. The white arrows 
show the inflated corporal component, and the 
arrowheads the aneurysmal part. Black arrows show 
the urethra. 


inflation [13] or by a slight over-sizing of the 
corporal components [14]. The danger of the 
latter is of pain on inflation and deformity 
from ‘kinking’ or ‘buckling’ of the caver- 
nosal components, a diagnosis that may be 
difficult clinically but is usually apparent 
on MRI (Figure 15.4) [11]. However, such 
kinking may be becoming rarer with early 
inflation protocols and improved cylinder 
design [15]. 

The reservoir balloon is well seen within 
the abdomen on both CT and MRI (and in 
most cases on US), and although displace- 
ment is rare, erosion into bladder or rectum 
has been reported (Figure 15.6). 

Modern penile prostheses are coated 
with either antibiotic-impregnated com- 
pounds or a hydrophilic layer that can be 
dipped in and retain antibiotics at operation, 
with good evidence that such a strategy 
has been effective [16]; the current rate of 
infections of penile prostheses over their 
lifetimes is 0.5-3.5% [1, 17]. Infections occur 
spontaneously or as the result of erosion 
to the outside, and are discussed in detail 
together with infections in artificial urinary 
sphincters. 


Figure 15.6 Sagittal image from a CT urogram 
showing erosion of the reservoir balloon (arrows) 
into the bladder. The patient had only irritative 
bladder symptoms. 


Artificial Urinary Sphincters 


By far the most common artificial urinary 
sphincter device is the AMS800 (American 
Medical Systems/Boston Scientific, Marl- 
borough, MA, USA), which may have been 
implanted in over 100000 men since its 
introduction in 1972 [18]. Although the most 
common location for implantation is in the 
bulbar urethra in men [19, 20], it can also 
be implanted around the bladder neck in 
men [21] and in women [22]. Alternatives, 
such as the Zephyr [23] and Flowsecure [23] 
devices, have attempted to address some of 
the deficiencies of the established device, but 
there are currently few data concerning their 
efficacy [24]. 

Although there is some benefit in using 
double cuffs in patients with severe inconti- 
nence [25], the most common configuration 
is with a single cuff, a scrotal or labial 
pump and a balloon in an extraperitoneal 
intra-abdominal plane. The AMS800 may be 
filled with saline or, more commonly, iso- 
tonic radiographic contrast, so that plain film 
radiography often shows filling of each of the 
components well (Figure 15.1), although it 
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is less effective at showing their relation to 
soft tissues. Adequate filling, together with 
normal cycling on compressing the scrotal 
component, are usually adequate to confirm 
normal mechanical operation. 


Disorders of Function and Position 


A malfunctioning artificial urinary sphincter 
(AUS) may be a result of misplacement or 
displacement, rupture, erosion, infection 
and in some cases the inherent limitations 
of the device. The last is important because 
two critical choices are made at the time 
of implantation: the size of the cuff and the 
pressure in the reservoir balloon, which 
determines the pressure in the whole system. 
It is not known what proportion of erosions 
are caused by later pressure necrosis [26], 
but is likely to be related to the pressure 
in the system. For the cuff, too large and 
the urethral closure pressure may fall below 
the pressure of around 50 cm water that is 
usually associated with adequate continence 
[27, 28]; too small and catheterisation or 
cystoscopy become more hazardous [19]. 


US and MRI, with parameters similar to 
those used for penile prostheses [29], may 
be used to show the components of the arti- 
ficial sphincter (Figures 15.7 and 15.8). As 
in the case of penile prostheses, the ability 
of MRI to accurately define the relation of 
the components to important structures 
(in particular the urethra) is unrivalled: it 
will show an ‘unwrapped’ or twisted cuff 
(Figure 15.9) and misplacement in bulbar 
urethra or bladder neck. There is an overlap 
here with fluoroscopy, which may be used 
to confirm the clinical suspicion of erosion 
(Figure 15.10), and can demonstrate the 
relationship of the cuff to the urethral lumen. 

Although erosion is a serious complication, 
more common is a degree of incontinence 
with a correctly implanted device. This is 
often investigated with urodynamics to con- 
firm that the cause is not bladder overactivity, 
but ultimately the most useful information 
is the pressure that is being exerted on the 
urethral lumen by the cuff, which can be 
reduced because of a fibrous capsule [30] 


Figure 15.7 The appearance of the artificial urinary sphincter (AUS) on US: (a) the pump, (b) a bulbar cuff, and 


(c) the reservoir balloon. 


Figure 15.8 An artificial urinary sphincter on MRI: (a,b) sagittal and coronal T2-weighted images of a bulbar 
cuff (the arrowheads show the corpora cavernosa), (c) the pump lying adjacent to the right testis (asterisk) and 


(d) the reservoir balloon. 
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Figure 15.9 Sagittal T2 image showing an AUS cuff 
appropriately positioned at the bladder neck 
(arrows). However, there is a 180° twist (requiring 
operative correction) in the cuff, shown by the 
arrowheads. b, bladder. 


Figure 15.10 Retrograde urethrogram showing 
contrast in the urethra (black arrow heads) and 
around the AUS cuff (white arrows), with a fistulous 
track extending to skin (white arrowheads). A 
malleable penile prosthesis is also seen (black 
arrows); note that no contrast is seen around it. 


or a variety of mechanical problems. Ure- 
thral pressure profilometry has been used 
to measure this pressure [27] but inherently 
involves withdrawing a catheter through 
a closed AUS cuff. Probably better is the 
technique of retrograde urethral pressure 


measurement, the pressure at which contrast 
passes the cuff on retrograde instillation 
(Figure 15.11) [31]. 


Infection in Implanted Devices 


Almost all models of penile prosthesis 
[32] and artificial sphincter [1] incorporate 
systems for antibiotic coating which have 
significantly reduced infection rates. Never- 
theless, it is still one of the main reasons for 
failure of artificial urinary sphincters, with 
erosion or infection occurring in 8% in a 
recent series [28]. Infections vary in timing: 
from acute, purulent cases occurring weeks 
after implantation to more chronic presenta- 
tions with pain, in particular in those caused 
by coagulase-negative staphylococci [32]. In 
both types of implant, a biofilm containing 
bacteria can be identified in a significant 
proportion of patients whose devices are 
removed for other reasons [33]. The role of 
imaging in infection is uncertain: if severe 
(presenting with pain, redness or fluctuance 
over sphincter components), it is likely to 
be apparent clinically [32]. Imaging with 
MRI and US may show fluid around the 
components, inflammation (in particular on 
MRI) and tenderness to pressure over the 
components (on US), and may be useful for 
surgical planning, but fluid does not nec- 
essarily equate to infection: some fluid may 
be seen around uninfected implants, as well 
as a fibrous pseudocapsule (Figure 15.12). 
On MRI, the presence of inflammatory 
change, in particular high signal oedema on 
STIR and enhancement after MR contrast 
(Figure 15.12) [7], may be more specific, and 
for this reason MRI may be preferable to US, 
which can delineate fluid but may be less 
sensitive for inflammatory change. In more 
indolent infections where the diagnosis is 
more challenging, the imaging appearances 
are often equivocal: with less inflammation 
it can be challenging to determine whether 
fluid around an implant is infected. There 
are no published data on the accuracy of 
imaging for the diagnosis of infected urinary 
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Retrograde urethral pressure study with instillation at Sml/min 
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Figure 15.11 (a) Method of retrograde urethral pressure study: after placement of a 6 Fr catheter into the 
proximal penile urethra, a cuff (black arrows) is placed around the distal penis and inflated to 100 cm water, 
and contrast instilled at 5 mL/min. The point at which contrast passes the AUS cuff (indicated by the black open 
arrow) usually coincides with the peak in the pressure trace seen in (b) (black open arrow). The absolute 
pressure exerted by the cuff is measured with reference to the pressure at the level of the symphysis (measured 
after the catheter is withdrawn). With an AUS the peak pressure reaches a plateau (black arrowhead in b), and 
this plateau probably more accurately reflects the pressure exerted by the cuff. A urethral pressure profile can 
also be obtained, but involves catheterisation through the cuff: the pressure exerted by the cuff in the same 
patient is represented by the peak (c, black arrow). 


Figure 15.12 Fluid around the tubing of an artificial urinary sphincter on MRI in two scenarios. (a-c) 
Postoperative haematoma and serous fluid is seen around the tubing: note that on the T2 axial sequence (a) 
the margin of the fluid is well-defined, and on STIR (b) there is little surrounding oedema. (c) The T1-weighted 
sequence shows high signal consistent with blood. (d-f) The fluid is from an infection (proven at explantation). 
On T2 (d) the contents are a little heterogeneous, and on STIR (e) there is oedema around the fluid and in the 
adjacent skin (arrowheads) - different from the other side (outline arrowheads). (f) Prominent, slightly irregular 
enhancement around the fluid (arrows) and adjacent skin (arrowheads). 
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Figure 15.13 Urethrogram showing a widely patent 
Urolume stent (arrows) in the bulbar urethra. 


Figure 15.14 Plain film and urethrogram images of 
a Memokath stent (arrows) in the membranous and 
bulbar urethra. 
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pregnancy testing and 


121, 157 
renal function 151 
stones 149-150 


storage consequences 
143-144 


for ureteric reconstruction 
90, 91 
see also anal sphincter 
pressure; appendix; 
colon; ileum; jejunal 
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follow-up 19 
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disturbances 
colonic reservoirs 143 
ileal reservoirs 142 
G cells and hypergastrinaemia 
119 
genetic disorders associated 
with stone recurrence 
52 


184 


girls and intestinal reservoirs 
121 

GreenLight ™ laser for benign 
prostatic enlargement 
169 

gut disturbances see 
gastrointestinal 
disturbances 


h 


haematoma, partial 
nephrectomy 7, 8, 
13 
haematuria—dysuria syndrome 
120 
haemorrhage (bleeding) 
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reconstructions 
153-154 
historical perspectives 1-3 
urinary diversion 2, 7,77, 
138 
holmium enucleation of 
prostate 164 
human chorionic 
gonadotrophin in 
pregnancy testing and 
intestinal reservoirs 
121, 157 
hydrocalycosis 63 
hydrocoele 73 
hydronephrosis, antenatal 
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replacement 141-161 
componentsin 141 
general consequences 
141-161 
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replacement or 
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